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Chronic Valve Disease and Left Atrial Splitting in the Dog [Dissertation]
Abstract
Age, sex, and breed evaluations of 392 dogs with chronic valve disease (CVD) from a survey of 4,831
dogs revealed a predominance of CVD in purebred male dogs. Male Cocker Spaniels were most
frequently affected.
A questionnaire survey concerning aspects of medical history, environment, behavior, and survival was
made 3-5 years after initial clinical examinations on 471 dogs. This study revealed no marked differences
between dogs with CVD and dogs with no heart disease, except that dogs with CVD more often had signs
of congestive heart failure.
Endocardial and endomyocardial splitting of the left atrium occurred in 30 dogs with CVD; primarily in
males of the Dachshund and Cocker Spaniel breeds. Left atrial perforation in several of the cases caused
hemopericardium or acquired atrial septal defects which could be diagnosed by clinical means. The
cause of splitting was considered to be left atrial dilatation with left atrial degeneration playing primarily a
permissive role. Lipid deposition in the endocardium and ruptured chordae tendineae was found in
preliminary frozen section studies. A method of postmortem cardiotomy was developed which permitted
recognition of spontaneously ruptured cordae tendineae were frequently found in dogs with severe
chronic valve disease with or without left atrial splitting.
The Dachshund, Cocker Spaniel, and Beagle breeds in varying order constituted the three most common
breeds with CVD, left atrial splitting or the intervertebral disc syndrome. This finding was suggestive of an
underlying connective tissue disorder predominant in those breeds which have been classified by others
as belonging to a "chondrodystrophoid" group.
Radiographic studies of dogs with left atrial enlargement revealed a characteristic bulge in the
dorsoventral cardiac silhouette caused by dilatation of the left atrial appendage. This was most apparent
in dogs with left atrial splitting.
Clinical and pathological studies on 60 "hyperimmune" dogs from which blood was withdrawn by
cardiocentesis for immune serum production revealed serious heart disease in nearly all dogs. This was
considered the results of weekly cardiocentesis for periods up to three years rather than the results of
repeated vaccinations during this time.
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For the sake of continuity in reading the manuscript portion of
this thesis, all tables, illustrations, and example case histories
have been removed from the results section and grouped into various
appendices. The first number for each table or figure in the text
indicates the appropriate appendix, and the decimal identifies its
position therein: Table

2.4

refers to Appendix II, table

4;

Figure

3.12 refers to Appendix III, figure 12.
Reprints of published articles are included in the last appen
dix to illustrate various types of papers which were written in forms
intended for publication.
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*

Previously published with permission in papers included in Ap
pendix VI. Thesis illustrations were obtained from reprints to
reduce photographic costs.
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rnTROD UCT ION

Chronic valve disease (CVD) in dogs is a diagnostic term used in
a specific sense for diffuse or nodular thickening of the heart valves
due to chronic fibrosis (Fig. ).4). It involves mainly the mitral valve
either alone or in combination with the tricuspid valve. It is the most
frequent canine heart lesion and occurs more commonly in middle aged and
older dogs. The cause of this change is unknown although aging must have
some etiologic or pathogenetic effect. The line of distinction between
slight valve opacification compatible with normal aging and pathologic
thickening-and distortion is not clear. · Degeneration and rupture of chor
dae tendineae are often found in advanced stages

ot

chronic valve disease;

however, shortening and fusion of chordae tendineae and fusion of valve
commissures almost never occur.
The pathophysiologic effect of chronic valve disease alone or in
combination with ruptured chordae tendineae or ventricular dilatation is
the development o£ atrioventricular valve insufficiency. Mitral or tri~
cuspid stenosis almost never occurs. Valvular insufficiency often leads
to left heart enlargement, arrhythmias, and congestive heart failure in
combination with myocardial disease.
Previous studies of chronic valve disease in dogs have emphasized
clinical diagnosis, pathologic description, clinicopathologic correla
tions, prevalence of disease, frequency of valve involvement, and hemo
dynamic effects. Various etiologic factors have been proposed. These
include chronic inflammation,

hyper~e

mechanisms, previous bacterial

endocarditis, degenerative valve sclerosis, and others.

\

To obtain more information about chronic valve disease which might

be

helpful in clarifying its etiology, epidemiologic studies were carried
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out. These included a retrospective evaluation of the age, sex, and
breed distribution of 392 dogs with chronic valve disease out of a
hospital clinic population sample of 4,831 dogs. A 3 to

5 year post-

examination survey was also made by means of mailed questionnaires
to the owners of 1,390 dogs; and a preliminary comparative breed
study was made of dogs with one of three chronic diseases

apparent~

involving connective tissue.
In the course of clinical examinations of approximately 2,000

dogs and pathologic examinations of about 400 (mostly preselected)
canine hearts, 30 cases of endocardial or endomyocardial splitting
of the left atrium were detected in dogs with mitral insufficiency.
These dogs had in common severe chronic mitral valve disease with
usually one or more broken chordae tendineae, marked left atrial
enlargement, and endocardial degeneration. In 9 of the animals, a
split perforated the left atrial wall and resulted in hemopericar
dium. In 4 others, spontaneous acquired atrial septal defects oc
curred. Twenty-six of the dogs (86 %) were males and breed predi
lections were noted.
Although endocardial degeneration was consistently present in
these dogs, the main cause of splitting was considered to be left
atrial dilatation. Degenerative changes in the endocardium were
considered more tmportant in determining the locations of the splits.
This tentative conclusion was based upon the additional necropsy
finding of left atrial splitting in a few young dogs with patent
ductus arteriosus and a dilated left atrium. Left atrial splitting
apparently does not occur in man even though greater degrees of

I

~
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left atrial enlargement exist over longer periods of time.
A report of the clinical and radiographic features of hemoperi
cardium in 7 out of the first 22 dogs with left atrial splitting has
been published including preliminary pathologic observations. Eight
additional dogs with left atrial splitting have been observed and more
extensive pathologic studies have been made.
Since the clinical aspects of left atrial splitting have not been
described by others in the literature, illustrations of the clinical
syndromes observed and related gross pathologic findings are included
as a p'art of this thesis. The radiographic and angiocardiographic fea-'
tures of left atrial enlargement in dogs will also be presented.
Because hypertmmunity has been proposed as a possible factor in
the development of chronic valve disease, clinical and pathologic
studies were made on 60 dogs used for commercial fI'hypertmmune" anti
serum production. This study proved to be of no value in assessing the
role of hyperimmunity because of the pathologic effects of direct car
diac punctures with a 13 gauge needle once a week for periods up to

3 years. However, the auscultatory and electrocardiographic changes
associated with 10 to 200 punctures of the heart merit reporting.

14
LITERATURE REVIEW
A. Chronic valve 0isease
The normal histology of the cardiac valves in dogs and the gross
and histologic features of chronic valve disease have been described
by several authors; they have been reviewed recently ( 6 ,26 ,33 , 52, ).
Frater and Ellis ( 19) reported on the gross anatomy of the mitral
valve in the dog and compared their findings in this species with obser
vations in man and several other animals emphasizing aspects of surgical
importance.
Epidemiologic studies have established that chronic valve disease
is the most common acquired cardiovascular lesion in dogs; increases in
frequency with age; and affects primarily the atrioventricular valves
(especially the mitral valve). Involvement of the aortic or pulmonic
valves occurs much less commonly. In a screening survey of 4,831 dogs in
a veterinary clinic, reliable evidence of cardiovascular disease was
found in 545 animals (11.3

%).

Seventy-two percent of the latter dogs

had clinical or postmortem evidence of chronic valve disease. Thesl3

~.'t"ld

nther findings in this survey have been published in detail in several
articles which are cited in a recent paper summarizing the results

(15).

Using similar clinical criteria, Pensinger (44) found the same frequen
cy of chronic valve disease (73 %) in 142 dogs with reliable evidence of
heart disease.
Bretschneider (6 ) evaluated necropsy records on 3,245 dogs. He
found reports of valvular endocarditis in 688 animals. Chronic valve
disease (nendocarditis chronica fibrosa l1 ) constituted the most common
type of lesion observed; it

wa~

present in 573 (83.3

%) of the dogs

15

with some type of valvular endocarditis and in 17.7 % of all the dogs
necropsied. The frequencies of valve involvement (all forms of endo
carditis included) were as follows: mitral alone, 57.3
tricuspid, 26.6
monic alone,

%; mitral and

%; tricuspid alone, 7.5 %; aortic alone, 2.1 %; pul

0.4 %;

other combinations of valves, 6.1

%.

Bretschneider also examined histologically the mitral and tricus
pid valves of 103 dogs diagnosed at necropsy as having chronic valve
disease. He found that blood vessels almost always extended nearly to
the free edge of the valves and regarded flendocarditis chronica fibrosa"
as a consequence of serous endocarditis.
Hubben , Patterson, and Botts ( 24) found valve hematocysts in 1.7

%

of 1293 dogs examined postmortem. They considered these to be ectatic
dilatations of blood vessels but did not find any relationship between
the occurrence of telangiectasis and chronic valve disease.
Harper ( 22) studied heart valves in man, rabbits, and dogs. He
concluded that dog valves normally are vascularized in contrast to man
and rabbits whose valves are largely non-vascular.
Von Racknitz (

45)

investigated the occurrence of blood vessels in

normal and fibrosed canine heart valves. This article is cited by title
only, because I have been unable to obtain or locate a copy or abstract
as of this date.
Angrist and co-workers in recent years have studied canine valves
as well as human and rat valves by a variety of techniques including
routine histologic stains, enzyme digestion methods and electron

16

microscopy. They refer to chronic valve disease in dogs as "billowing
sail tl distortion and consider the sclerotic valve changes in both the
dog and man as a degenerative process associated with aging which oc
curs earlier in some individuals. They regard the process of arterio
sclerosis as similar i f not identical to the sclerotic change occur
ring in valves. References to specific aspects of these studies have
been summarized recently by Angrist ( 3 ).
Jubb and Kennedy (27 ) prefer the term "endocardiosis" to describe
the thickened valves commonly seen in old dogs; they found no evidence
of inflammatory changes.
StUnzi

(,2) also emphasized the noninflammatory nature of chronic

valve disease. He tabulated necropsy material over a one-year period
and reported "endocarditis valvularis fibrosa", mainly of the atrioven
tricular valves, in 86 out of 789 dogs (11

%).

Because inflammatory

changes were absent, bacterial cultures were always negative, and de
generative changes were usually seen, he considered chronic valve di
sease to be a dystrophic process for the most part.
Jones and Zook (26 ) reviewed necropsy findings on

404 dogs and re

ported 139 cases of chronic valve disease. The percentage of affected
animals increased linearly with age.
Das and Tashjian ( 11) observed chronic valve disease in

"a dogs at necropsy.

42 %of

The frequency in dogs 0-1 year of age was 3

increased in nearly linear fashion to 70

%in

dogs

14

%;

it

years of age and

older. Forty-five percent of males were affected and 38

%of

females

had the disease. No age and sex adjusted prevalence ratios were given;
thus, the significance of possible sex and breed predispositions could

17

not be evaluated. Because the disease was not confined to aged animals,
the authors did not consider it a disease of senile degeneration. They
regarded chronic mitral valve fibrosis as "secondary to some primary car
diac pathology".
Andre ( 2 ) suggested that chronic valve disease might be the re
sult of increased cardiac work and cardiac dilatation rather than the
cause of either. He cited as evidence the work of Lillehei

~!!.

(30)

who found valvular endocarditis in dogs in which an arteriovenous fistu
la had been created.
Munich ( 41) examined 100 dog hearts with endocardial lesions at
necropsy. Although he noted a sex difference (61 males, and 39 females),
he regarded this as not significant because he thought more male dogs
came to necropsy than'females (data not given).ije classified the lesions
in 92 of the dogs as "endocarditis valvularis chronica nodosa" and con
sidered previous endocarditis as the cause. Primarily the mitral valve
alone or in combination with the tricuspid valve was involved. Host of
the dogs were over 6 years of age.
Shouse and Meier (50 ) found "acute vegetative endocarditis" in 40
out of about 600 dogs and cats at necropsy. The number of dogs affected
was 27 but the number of dogs examined was not given. The involvement
of the cardiac valves in descending order of frequency was mitral, aor
tic and tricuspid. Based upon the overall frequency of acute vegetative
endocarditis (in dogs and cats) in their material (6.6

%), the authors

suggested that chronic valve disease in dogs might represent the healed
phase of this process.

18

Luridh ( 33) reviewed necropsy reports on 11,$74 dogs and tabulated
67 cases (0.58

%) wit.h fibrinous endocarditis. He considered this term

analogous to that of ;,.cute vegetative endocarditif' used by Shouse and
Heier ( 50) and found the same order of valve involvement as in their
series; i.e., mitral, ;.ortic, anti. tricuspid. In neither series were the
pulmonic valves found to be affected. Lundh demonstrated a predisposi
tion for fibrinous endocarditis in the German Shepherd breed but found
no evidence for a sex predisposition. He used the term flfibrous valvu
lar endocarditis If for dogs with chronic valve disease and cited the pat
tern of valve involvement (mitral and tricuspid primarily) as evidence
against this being usually the result of previous fibrinous endocarditis.
Miller, Pick, and Katz (37 ) were able to produce a degree of endo
myocardial fibroelastosis in dogs by ligating the major lymphatics lead
ing from the heart. They also noted opacification of mitral valve leaf
lets. In

B.

subsefluent article ( 38), they reported an increased size

and number of thin-walled vessels in the mitral valve which they regar
ded as dilated lymphatics as a consequence of experimentally impaired
cardiac lymphatic drainage. They suggested a possible association be
tween chronic valve disease and spontaneous lymphatic obstruction. Later
(39 ) they revised their statements in this regard and considered unlike
ly the possibility of such a relationship. They did find, however, that
chronic lymphatic obstruction made dogs more susceptible to bacterial
endocarditis. More rAcently (28 ), they found dilated lymphatics in two
human patients with endocardial fibroelastosis; they emphasized lymphatic
obstruction as a likely cause of this disease.
Symbas

~!.!.

(54) interrupted the cardiac lymphatics in dogs and

demonstrated valve thickening consisting of edema and moderate to marked
basophilic mesenchymal changes within 16-40 days.
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Johnson and Blake (25 ) also studied valve lymphatics in man, dogs,
and pigs.

~hey

suggested that dilated lymphatics may be the result of

fibrosis and thickening of the valves; however, they also suggested a
possible role of the lymphatics in the spread of inflammation through
out the valves in cases of rheumatic fever or bacterial endocarditis.
B. Aging

All reports of chronic valve disease in dogs have indicated an in
creasing frequency associated with aging. Although a complete search of
the literature was not made for all cardiovas'cular aspects of aging,
several references in this regard were found.
Nakao

~!!:!.

(42) reported the results of an electron microscopic

stuQy of the aging process in the rat heart valve. They emphasized chan
ges in structure and orientation of collagen and elastic fibers. This
was a detailed report of work in progress mentioned by Angrist ( 3) in
a paper on aging heart-valves and a unitary pathological hypothesis for
sclerosis.
McMillan and Lev reported on aging changes in the heart in a series
of papers including one on the endocardium ( 35), and one on. the valves
(;36). Aging changes in the aortic and mitral valves were also reported

recently by 3.ell and Scully ( 49 ).
Lapin and Yakovleva, in a book on comparative pathology in monkeys
( 29), reported a systematic investigation of the valve structure in 39
monkeys of different ages in order to determine the changes associated
with aging and form a
monkeys.

ba~is

fpr evaluating pathological changes in other

20

Noretti (40) found differences in mucopolysaccharide compositon
in a comparison of heart

valves in calves and adult cattle. Changes in

mitral valve mucopolysaccharides in man associated with aging were re
ported recently by Trnavsky
Visscher

~

al. (55).

and Henschel ( 56) studied the relation of age and other

factors in the occurrence pf subendothelial hemorrhage in canine hearts
following the injection of pitressin or epinephrine. They noted that the
mitral valve appeared to be a predilection site for subendothelial hemor
rhage and they found the incidence in dogs over

5 years of age to be over

three times as great as in animals under 3 years of age.
Sokoloff

~

al. ( 51) studied mitral valve chordae tendineae in 200

nonrheumatic human hearts and

50 bovine hearts. Since the authors did not

find evidence of posterior leaflet chordae tendineae sclerosis, they used
the average length of posterior leaflet chordae as a reference and com
pared to this the diameter of the largest chorda of the anterior leaflet.
On this basis, they found 11 instances of thicker than normal anterior
leaflet chordae and distinguished two types; one in which the chordae had

\
!

a normal structural pattern, and the other in which acquired, sclerotic
thickening was present. Both types involved secondary (central) chordae
tendineae,and the authors regarded mechanical factors as the probable
cause of the changes.

c.

Left atrial splitting
StUnzi and Teuscher (53 ) reviewed causes of cardiac rupture in

various species of animals. In the dog, they reported the left atrium as
the most common site of rupture, particularly in animals with chronic
.mitral'insufficiency. They mentioned seeing more cases in Dachshunds and
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considered atrial myocardial disease as the cause of rupture.
Buchanan and Kelly (7 ) reported the clinical and radiographic
features of hemopericardium due to left atrial hemorrhage in 1 out of
a series of 22 dogs with endocardial and endomyocardial splitting of
the left atrium.
Das and Tashjian ( 11 ) and Pensinger ()d!) also reported seeing
occasional instances of left atrial

II

tears II in dogs with mitral in

sufficiency.
Jubb and Kennedy ( 27) reviewed the causes of mural endocarditis
in dogs. They recognized a form of endocardial ulceration in the left
atrium associated with intimal changes in certain arteries (mucoarteri
tis) as described by McGill
failure. Jubb and

Kenne~

~

ale ( 34) in dogs with induced renal

considered the instances of left atrial hemor

rhage and hemopericardium which they observed in dogs, to be a result
of endocardial ulceration associated with uremia.
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MATERIALS AND METHODS

A.

Epidemiology
1.

Survey of 4,831 dogs (Appendix I)
Studies were made of the age, sex, and

of 392 dogs with chronic valve disease.

b~eed

distributions

These dogs were detected in

a cardiovascular screening survey of 4,831 dogs at the University of
Pennsylvania School of Veterinary Medicine Hospital and Clinic (14).
An additional 169 dogs were examined in this survey (total S,OOO),
but were excluded from tabulation because they had been referred to
the clinic as heart disease patients.
All dogs except emergency cases presented to the clinic
from January 19S8 to July 1960, were given a brief cardiovascular
examination consisting of auscultation, palpation of the precordium,
palpation of the,femoral arteries, and a single lead electrocardiogram.
When possible, animals with definite or possible heart disease were
studied further by recording a 10 lead electrocardiogram and by thoracic
radiography.

Selected cases were studied further by phonocardiography,

cardiac catheterization, and angiocardiography.

Post mortem examinations

were performed when permitted on all animals which died during the
period of the survey.

More detailed descriptions of examination

methods, diagnostic criteria for specific diseases, and results other
than those in this thesis have been published previously (15).
The diagnosis of chronic valve disease was based upon
clinical signs alone in 212 dogs and post mortem evidence in 180 dogs.
A clinical diagnosis of chronic valve disease was made in dogs which
had at least a grade 3 (out of S) holosystolic murmur in either the
mitral (left Sth or 6th intercostal space near sternum) or tricuspid
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(right 4th intercostal space near costochondral junction) precordial
areas and no evidence of anemia or infection.

It was also made in

a few cases when grade 2 systolic murmurs were heard in the same
areas in dogs which had radiographic evidence of left or right heart
enlargement.

2.

Questionnaire (Appendix II)
Additional data on 471 dogs with definite, possible or no

heart disease were obtained 3-5 years after initial cardiovascular
examinations in the 5,000 dog survey (including referred cases).
This information was derived from mailed questionnaires concerning
medical history, survival time, cause of death, environmental history,
and behavioral patterns.

Cover letters, questionnaires, and self

addressed return envelopes were sent to the owners of 1,390 dogs in

4 groups.

Group A: dogs examined clinically and at necropsy in the

5,000 dog survey.

Group B:

dogs examined only clinically which had"

reliable signs of heart disease and were alive, lost to study, or
dead but not necropsied.

Group C: dogs examined clinically which

had signs of possible heart disease.

Group 0: similar sized sample

of dogs 5 years of age and older with no clinical evidence of heart
disease.
Evaluation of the initial questionnaire format was made
when 50 completed forms were returned and tabulated.

A few points

of omission or potential misinterpretation by the questioner or
questionee were identified and corrected in preparing a final format.
This consisted of providing a list of common canine diseases in the
medical history section of the final format rather than just asking
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what illnesses the dog had had.

Common signs of congestive heart

failure were also added in the final version.

In addition, it

appeared necessary to ask specifically if dogs had died spontaneously
or had been euthanatized.
Of the total questionnaires tabulated, 55 (11.7%) were
of the initial format and 416 (88.3%) were of the final version.
Where these differed, tabulations were based upon the final format.
Questionnaires on 115 dogs with reliable evidence of chronic valve
disease were used for group comparison with 110 dogs over 5 years of
age with no clinical evidence of heart disease.

In 33 of the 115 dogs

in the chronic valve disease group, post mortem examinations had been
performed which confirmed the clinical diagnosis.
All returned questionnaires were interpreted and tabulated

*

by one person, and the data were punched by case number on Termatrex
characteristic cards.

A photosensitive automatic counter* was used

to determine the number of case entries on each card and those re
maining with selected overlays.

Comparisons were made between total

males and females for each characteristic as well as male and female
subgroupings of dogs with no heart disease and dogs with chronic valve
disease.
The number of positive answers for each item in the questionnaire
was converted to a group percentage for ease in making comparisons.
Certain questions almost always elicited either a"ye;orl~~fresponse.
.,yestI an d"no.f answers were tabulate d separately and
·
In t h ese lnstances,

the percentage of positive answers was obtained by dividing the number

*Jonker Corp., Gaithersburg, Maryland

.....
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of "yes" responses by the total number of "yes" and "no" answers.
The denominator in each instance represented approximately

95~

of

the total dogs.
Some "yes or no" type ques ti ons \'1ere frequentl y answered

by a check mark which, based upon the overall patterns of response,
consistently indicated an affirmative reply and was tabulated as such.
In these cases, the absence of a check mark was not tabulated since it
could

m~an

either a negative reply or no response.

The percent

positive answers for questions of this type were obtained by dividing
the number of positive responses by the number of dogs in each group_
The percent of positive answers for individual items in
mUltiple choice type questions with two or more suggested responses
was obtained by dividing the number of positive responses for each
multiple choice item by the total responses to the stem question.
This denominator was usually 2-10% larger than the total number of
dogs because more than one response was sometimes selected in answering
the stem question.
Survival data were based upon average ages at initial
cardiovascular examinations and were subdivided according to live
or dead status at the time of the questionnaire and also by cause
of death, i.e., whether died spontaneously or were euthanatized.

The

interpreted causes of spontaneous death or indications for euthanasia
were based upon the owner's descriptions or statements accordingly and
were listed as possible or probable congestive heart failure; other
cause; or no cause given.
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3. Split left atrium (Appendix III)
Left atrial splitting was confirmed or detected at necropsy in 30
dogs with chronic valve disease from 1961

to

1966. The Dachshund and

Cocker Spaniel breeds accounted for most of the cases. The only other
purebred dogs encountered in this series were Poodles and one Beagle.
A predominance of males (86 %) was noted. The significance of these
apparent breed and sex predilections was tested by comparison with the
breed and sex distribution of dogs of similar age in the Veterinary

\

Clinic population.
A similar breed distribution study of chronic valve disease was
made based upon data obtained in the survey of 4,831 dogs in 1958-1960.
For this purpose, the breed and sex distribution of dogs with chronic
valve disease,

5 years

of age and older, was compared with that of the

clinic population of the same age and during the same period (1958-60).
The disease and clinic population comparison was made using dogs
of age and older, because this subgroup included 93

%of

5 years

the dogs with

chronic valve disease and lessened the effect of differences in the
average ages of each breed at the time of examination.
Because clinical experience suggested similar breed predilections,
the sex and breed distributions of dogs with left atrial splitting were
also compared with those of dogs diagnosed as having the intervertebral
disc syndrome (cervical or thoracolumbar intervertebral

di~protrusion,

herniation, loss of joint space or calcification with signs of neck or
back pain, and paresis or paralysis). Data on dogs with the latter syn
drome were obtained from hospital records entered into the Termatrex da
ta coding and retrieval system from July 1963 to December 1965.

I

....

7

MATERIALS AND METHODS
B. Clinical and Pathologic Studies
1. Dogs with left atrial splitting
Clinical examinations including auscultation, palpation, elec
trocardiography, and radiography were performed at least once in
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out

of 30 dogs with chronic valve disease, left atrial dilatation, and endo
cardial or endomyocardial splitting at necropsy.
The clinical and radiographic features of dogs with left atrial
splitting and hemopericardium were compared with the clinical and radio
graphic features of dogs with other causes of hemopericardium to develop
criteria for differential diagnosis in dogs with sanguineous pericardial
effusion.
The histories and clinical findings in 3 dogs with acquired atrial
septal defects at necropsy were reviewed and led to a correct clinical
diagnosis of the same condition in another dog which was examined 20 times
over a period of 20 months prior to necropsy. Clinical studies done on
this animal included repeated blood analyses, many electrocardiograms and
radiographs, two cardiac catheterizations for pressure and oxygen determi
nations, and one series each of lateral and dorsoventral angiocardiograms.
2. Radiography and angiocardiography of left atrial enlargement
An undiagnosed prominence was observed in the left craniolateral
segment of the cardiac silhouette in dorsoventral radiographs of several
dogs with clinically severe mitral insufficiency or patent ductus arterio
sus. To determine i f this prominence was usually caused by a dilated left
atrial appendage, stUdies were made by oblique radiography or angiocardio
graphy, and surgical or necropsy examinations.

1
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3. Hyperimmune dogs
Acute valvulitis has been induced by injections of antigen
into appropriately :iJnmunized an1.mals ( 57). In similar fashion, dogs
used by drug companies for immune serum production are repeatedly
inoculated with antigens to maintain high serum antibody titers. To
investigate the role of antigen-antibody reactions in the genesis of
chronic valve disease, stUdies were made of a group of these dogs to
determine the types and prevalence of heart disease. A screening
examination consisting of auscultation, palpation, and electrocardio
graphy was carried out on 60 large, mature dogs used for canine
Ithyperimmune ll antiserum production for an average of 1.5 years by a
commerc ial drug company. *
When obtained, all dogs were inoculated weekly with attenuated
live Distemper and Hepatitis vaccines, and a killed Leptospirosis vac
cine. One month after isolation and initial vaccination, the dogs were
entered into the group used for serum production. High antibody titers
were maintained with subsequent biweekly or monthly vaccinations. Blood
was withdrawn once a week by one and sometimes 2 or 3 direct cardiac
punctures with a 13 gauge needle in the lower right 5-8th intercostal
spaces.
The hearts of 22 dogs which died at a later date were received
by mail and examined grossly_ Microscopic studies were not done because
the hearts were submitted for examination in a semi-frozen state and
the condition of each specimen was unacceptable for histology.

* Lederle

Laboratories, American Cyanamid Co., Pearl River, New York.
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RESULTS

I

A. Epidemiology

1. Material from a survey of 4,831 dogs (Appendix I)
The previously published age, sex, and breed distribution of

4,8)1 dogs specifically examined to determine the presence of cardiovas
cular disease in a veterinary hospital clinic population is reproduced
here with permission for reference purposes (Table 1.1). The prevalence
ratio of chronic valve disease (CVD) in this population was 81/1000 based
on clinical diagnoses plus post mortem findings on 284 of the dogs (15 ).

,
t.
~

Further evaluation of the age, sex, and breed distribution of 392
dogs with chronic valve disease detected in the above survey yielded the
following results:
1.

The Cocker Spaniel breed had the highest prevalence ratio of CVD
(Table 1.2)

2.

The disease was more common in males than in females (Table 1.3).

3. CVD increased in frequency with age, ranging from 2/1000 in female
dogs under one year of age to 417/1000 in male dogs 13 years of age
and older. In each age group, the prevalence ratio in males was
higher than in females (Table 1.4).

4.

\

In each age group, the prevalence ratio of CVD was greater in male

Cocker Spaniels than in other dogs (Table 1.5).

5. The frequency of CVD was greater

in purebred than in mongrel dogs

(Table 1.6).

6. When Cocker Spaniels were

e~cluded,

the frequency of chronic valve

disease in purebreds was not significantly greater than in mongrel
dogs (p) .10) unless subdivided by sex:

Male purebreds, excluding

Cocker Spaniels, still had a higher frequency of CVD than male mon
grel dogs (Table 1.7).

)0

I

I

7. The high prevalence of CVD

in Cocker Spaniels resulted from a

particularly high frequency in males of this breed; however,
female Cccker Spaniels had a hi-gher rate of CVD than other fe
males (Table 1.8).

8.

The high prevalence ratio of CVD in male Cocker Spaniels cor
responded well with published data on the high frequency of con
gestive heart failure in male Cocker Spaniels (Table 1.9) (

15).

9. The mitral valve was most commonly involved either alone or in
combination with the tricuspid valve in 230 hearts examined at
necropsy (Table 1.10).

,)..L

2. Questionnaire (Appendix II)
Cover letters, questionnaires and self addressed return envelopes
were sent by first class mail to the owners of 1,390 dogs initially ex
amined between January 1958 and July 1960 (examples shown in Appendix II).
This total included approximately equal numbers of dogs diagnosed as having
definite, possible or no heart disease. The majority of the questionnaires
were mailed in August, 1963 with some mailed in July and September of 1963.

I

Because of insufficient address, change of address or other reasons indi
cated by the postal service, 219 envelopes were returned unopened. Of the
remaining 1,171 questionnaires which apparently reached the addressee, 492
were returned as requested for an actual response of 42
for dogs with reliable signs of heart disease was 48
with no evidence of heart disease was 40

%.

%.

%and

The return rate
that for dogs

A total of 21 questionnaires

including some from each group were eliminated before tabulation because
they were incomplete, the identity or age of the animal was questionable
or the dogs were under 5 years of age and were rejected from the no heart
disease control group by definition (5 years of age or older).
The results of 471 tabulated questionnaires are presented in tables

2.1-2.9 according to various categories:
Tables 2.1 + 2.2:

Medical history

Table 2.3

Envirorunent

Tables 2.4 + 2.5:

Individual behavioral characteristics

Table 2.6

.•

Table 2.7

Aggressive behavior patterns
Nervous behavior patterns

Table 2.8

,

Percent survival and cause of death

Table 2.9

I

Survival time

Tables 2.6, 2.7 and 2.9 include the data on the control group of
dogs which had no evidence of heart disease when examined at five years
of age and older (N
valve disease (N

= 110) and dogs with reliable evidence of chronic

= 115).

All other tables include the responses for all

the dogs (N = 471) in addition to the above subgroups.
The data are expressed as the percent of dogs in each group for which
positive (affirmative) responses were given for the indicated characteris
tic. At the top of each of 10 columns are the numbers of dogs upon which
the percentages were based. Also at the top of the first 6 columns are
the average group ages at the time of initial examination.
Groups
Column 1:

Number of dogs

Male dogs with no heart disease

55
75

rr

2:

Male dogs with chronic valve disease

"

3:

All male dogs tabulated*

Column

4:

Female dogs with no heart disease

55

II

5:

Female dogs with chronic valve disease

40

n

6:

All female dogs tabulated*

206

Total dogs with no heart disease

110

Column 7:

*

265

II

8:

Total dogs with chronic valve disease

115

"

9:

Sex adjusted values for Col. 8

115

II

10:

S ex adjusted values for all dogs*

471

Includes dogs with no heart disease, chronic valve disease, other heart
disease and possible heart disease.
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The average age of dogs in the no heart disease group (N = 110)
was 9.0 years (range 5-15 years). There were equal numbers of males
and females without preselection of mailed questionnaires for this pur
pose. Although these dogs did not have evidence of heart disease, they
could not be called a group of nonnal dogs since most of them had been
brought to the veterinary clinic because of some type of illness.
The average age of dogs in the chronic valve disease group (N = 115)

t

lias 10.8 years (range 2-18 years). Ten of them had been referred to the
clinic initially because of heart disease. There were 75 males and 40fe
males; therefore, disease specific (non-adjusted) as well as sex adjusted
determinations were made. An adjustment for sex was considered necessary
to make meaningful comparisons of a few characteristics where sex dif-

II

ferences were quite marked. For example, the percentage of spayed females

\

was about 7 times that of castrated males. Although the sex differences

~

in other characteristics were less obvious, the 1:1 sex adjusted values
for all percentages in the chronic valve disease group were considered
more reliable than unadjusted percentages for comparison with the no

\II

heart disease group where the sex ratio was 1:1 without adjustment.
The average age at the time of initial examination of all the dogs

~

I

tabulated (N= 471) was 8.8 years (range 6 months - 18 years ). This
group included approximately equal numbers of dogs with definite heart
disease, possible heart disease and no heart disease.

:1

r

The number of dogs in some of the groups in Table 2.2 was less than
in the other tables because of the change in questiopnaire format. The

questions in Table 2.2 were not asked in the initial format; therefore,
these group percentages were based upon the final format tabulations.

I

•
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Comparisons 'Were made between dogs with no heart disease (No HD)
and

ch~onic

valve disease (GVD)J and between male and female dogs. Sta

tistical sienificance was ascribed to differences in which the probabili
ty of their occurrence due to chance was less than 5

%.

Nedical history (Tables 2.1 and 2.2)
Nore female dogs (49.3

%of

the total) were castrated than were male

dogs (6.3 %); P <.001 • ~Jhen males and females were combined, a signifi
cantly greater percentage of dogs with No HD had been castrated than dogs
with GVD (Columns 1 and 8); P <.02 • This difference became sliehtly less
than significant when adjustment for sex was made to take into consider
ation the fact that there were more males than females in the GVD group
(comparison of columns 1 and 9). If this trend was present in samples of
twice the size of the above subgroups, the difference in castration per
centages would be significant.
No differences were found bet\ieen sex or disease groupings with re
gard to at least one distemper or rabies vaccination. The number of vacci
nations which individual anima.ls had received was not tabulated because
many

m~ers

did not provide a record of this. Tabulation of hepatitis and

leptospirosis vaccinations was not made because many owners did not know
what vaccines had been given other than distemper and rabies.
With regard to reproduction, the owners often did not indicate the
number of times female dogs had had a litter of puppies. Tabulation was
limited therefore, to whether or not a bitch had whelped at least one
litter of pups. This was true of about
grouping.

35 %of

female dogs regardless of
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The question whether or not dogs had been hit by a car originated
from postmortem observations in a few dogs killed in this manner. A band
of hemorrhage 'vas sometimes found in the contact surfaces of the mitral
valve at the usual site of chronic valvular fibrosis in other dogs. Tabu
lation of answers was again restricted because owners often failed to in
dicate the number of times this event occurred. The values in Table 2.1
indicate the percentage of dogs which had been hit at least once by a car

(20.4 %of all dogs). The frequency of this event in males (24.2 %) was
significantly greater than in females (16.5 %); P (.oS, and probably was
reuted to the greater tendency of males to chase cars. This is discussed
later in a section on behavior (Table 2.4). The null hypothesis (no re
lationship between CVD and being hit by a car) was accepted because of the
absence of a significant difference between the frequency of this event in
No HD and CVD 4ogs.
No difference was found between No HD and CVD dogs with regard to

I

l

changes in body weight or physical condition at the time of the surveyor
at death,; however, a sex difference was noted. Female dogs (33.0 %) gained
weight with greater frequency than male dogs (20.5

I
I

I

%) following initial

heart examinations,; p( .001 • At the time of surveyor death, female dogs
were considered overweight by their owners (33.9 %) more often than were
male dogs (17.0 %),; P( .001 • More male dogs (23.1 %) were considered
nthin" than were female dogs (lS.3 %),; P

< .05

•

Signs of possible or probable congestive heart failure were reported
much more common in dogs with CVD (44.6

%) than in dogs with No ED (8.2 %),;

P <.001 • This obvious difference was anticipated since CVD was the most
common lesion found in dogs with congestive heart failure in the clinic
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population sample from which both groups of animals were selected. No
difference between males and females was observed.
Signs of heart disease were slightly more common in relatives of
dogs with CVD than in No HD dogs; the difference, however, was not sig
nificant.
The percentages of dogs having signs of common medical problems are
presented in Table 2.2. No significant differences were found between
with No HD and CVD (columns 7 and

dogs

9~other

than individual signs

often seen in dogs with left sided congestive heart failure (coughing
and dyspnea).
Tumors (any abnormal growth whether benign or malignant) were re
ported more frequently in dogs with No HD than with CVD. Although not
quite significant in this case, a difference in this direction could be
anticipated since both tumors and heart disease occur more commonly in
older animals. These constitute common reasons why owners bring older
dogs in for medical attention. If dogs with the most common type of heart
disease (CVD) are segregated and compared to other old dogs without heart
disease brought to a veterinary hospital, a higher percentage of tumors
in the latter group is not surprising. The percentage of tumors in female
dogs (48.6 %) was greater than in male dogs (30.0 %); p( .001.

The

chief reason for this was a higher prevalence of mammary tumors in fe
males.
Comments on other differences between various subgroups (columns 1
to 6 of Table 2.2) are not considered worthwhile because the number of
dogs in each of the subgroups is small, age differences exist, and the
positive as well as the negative diagnosis of noncardiac problems was
based upon the owner's ability to recall.
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If the above limitations are equally applicable to t.he replies of

owners of dogs with No HD and dogs with CVD, no meaningful difference
was found with regard to those aspects of medical history which were
evaluated by means of this questionnaire.
Environmental comparisons (Table 2.3)
No environmental differences were found between dogs with No HD and
dogs with CVD. In a comparison between all males and all females, it was
noted that males were used for hunting purposes more often than femalesJ
P

<.02

•

Behavior (Tables

2.4-2.7)

Individual behavioral characteristics are listed in Tables

2.5.

2.4

and

No differences were found between dogs with No HD and dogs with CVD

except for one characteristic of questionable significance. Dogs with No
HD

(54.5 %)

barked at familiar people more often than did dogs with CVD

(40.1 %); p<.05 •

This feature was suggestive of a possible difference

in temperament between dogs with No HD and dogs with CVDj therefore, cer
tain questions were grouped in an effort -to develop an lIaggresive index"
anda "nervous index" for more meaningful comparison&.
Six questions were selected from Tables

2.4

and

2.5

for which posi

tive answers were considered compatible with an aggressive tendency
(Table 2.6). Data tabulations were then reviewed to .obtain the number of
dogs for which affirmative responses were given for any of the six ques
tions selected. Of the dogs with No HD, 37.3

%had

positive replies for

at least three of the six items (aggressive index of 0.5). This was not
significantly different than the sex adjusted value of 33.9

%obtained

for dogs with CVD. A distinct difference was noted between males and

fema.les:

45.9 % of the combined male dogs had an 0.5 aggressive index,

whereas only 25.2

%of

the female dogs had a similar index. Because of

this difference, sex adjusted values were usen in the preceding group
cOJTlfJ~ri.sons.

A similar procedure was used to evaluate nervous behavior patterns.
For this purpose, five items were seleoted £.rom Tables 2.4 and 2.5 which
seemed to reflect nervous tendencies (Table 2.1). Of the dogs with No
22.1

%had

Hb,

positive replies for at least three of the five items (nervous

index 0.6). This was not significantly different from the CVD group in
which the sex adjusted percentage was 11.2
found in 22.6

%of

%.

A nervous index of 0.6 was

the combined males and in 11.3

%of

the females.

On the basis of comparisons of individual and grouped behavioral
characteristics, a trend can be said to exist for dogs with chronic valve
disease to be less aggressive and less nervous than dogs with no heart
disease. Whether this tenuous observation should be relegated to a cause
or effect status is open to speculation.
Survival (Table 2.8)
Classical epidemiologic methods for presenting survival data in
human patients were not considered appropriate in this study because the
majority of dogs which died were killed by euthanasia. Of the total dead
dogs tabulated (331 dogs), euthanasia had been performed in nearly 60
In

%.

most instances this was done because of illness and perhaps in the ma

jority of the dogs, spontaneous death would have occurred within a matter
of days or weeks. In a substantial number, however, euthanasia was per
formed for economic and other reasons when it was probable that the ani
mals might have survived for periods of months or years with treatment.
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An additional problem in evaluating these data stems from the fact
that necropsy examinations were seldom performed. Consequently, the tabu
lated cause of death or indication for euthanasia was based usually upon
the owners' opinion and recollection and is therefore open to an unde
sirable degree of speculation. Because of all the preceding limitations,
data on survival, death, and age are presented in a summary form which
seems reasonable and sufficient for the intended purpose and accuracy.
At the time of follow-up survey (an average of 4 years after initial
examination), a greater number of dogs with No HD (38.2

%) were still

~

alive than were dogs with CVD (13.0

I

ing since the average age of dogs in the CVD group at the time of initial

%).

examination was 10.8 years in contrast

This difference was not surpris

~o

9.0 years in the former group.

No significant sex differences were noted.
Spontaneous deaths were reported in 19.1
contrast to 50.7
and 44.4

%of

%of

the dogs with No HD in

those with CVD; euthanasia was performed in 75.0

%respective~.

The cause of death or reason for euthanasia was

tabulated as possible or probable congestive heart failure in 2.9
dogs with No HD and 36.6

%

%of

%of

the

the dogs with CVD based upon the owner's re

marks (see example questionnaire in Appendix II, section on medical histo
ry, questions 8 and 10).
Survival (Table 2.9)
Comparison of the percentage of 4-year survivors was considered in
sufficient for assessing the effect of CVD on the life span of dogs be
cause there

we~e

age

dif~erences

at the time of initial examination and

a greater percentage of dogs with No HD were killed by euthanasia than
were dogs with CVD. In order to obtain a more adequate evaluation, the
No HD dogsand CVD dogs were subdivided according to live or dead status
at the time of the questionnaire survey; and the dead dogs were further

40
divided according to the manner of death; i.e., death by euthanasia or
spontaneous death. Comparisons were then made between the various sub
groups with respect to age at initial examination, number of years sur
vived, and age at death or time of survey.
As expected, the average age at initial examination was least in
those dogs which were still alive at thetime of the survey (7.7 years in
dogs with No HD and 9.3 years in dogs with CVD at the time of initial ex
amination). The average number of years survived

in these groups (4.3 and

3.9 years respectively) was obtained by subtracting the date of initial
examination from the date the owners completed the questionnaire or, in
the few instances

~here

this was not indicated, from the date the return

envelope was postmarked.
With regard to those which died, there was no appreciable difference
in survival time between dogs with No HD and dogs with CVD (1.5 and 1.4
years respectively). As a result of the similar periods of survival, the
average age at death of the No HD group (11.3 years) was less than that of
the CVD group (12.5 years). The younger age at death in the No HD group
might be explained by the fact that a greater number of the dogs in this
group were killed by euthanasia than in the CVD group. There is reason to
doubt this explanation, however, because"the ages at death of dogs killed
by euthanasia in both groups (No HD, 11.6 years; CVD, 12.7 years) were
greater than the average ages at death of those which died spontaneously

(11.1 and 12.3 years respectively).
On the

ba~is

of the population samples selected and the results pre

sented in Table 2.9, the conclusion was reached that dogs with chronic
valve disease do not die spontaneously or by euthanasia at an earlier age
than dogs with illnesses other than clinically detectable heart disease,
for which middle aged and older dogs are brought to a veterinary hospital.
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3. Epidemiology of left atrial splitting (Appendix III-A)
The age, sex, and breed distributions of 30 dogs with spontaneous
left atrial splitting are presented in Table 3.1. There were 10 Mongrels,

9 Dachshunds, 8 Cocker Spaniels, 2 Poodles, and 1 Beagle. The marked
predominance of males in these 30 dogs (86%) was significantly different
ag.e d
than the male to female ratio (1:1) of a similarly" clinic population
sample (p <.001; Table 3.2).
The breed distribution of dogs with left atrial splitting also dif
fered from the clinic population sample (p <.001; Table

3.3~.

This dif

ference resulted chiefly fram the predominance of Dachshunds and Cocker
Spaniels in the 30 dogs observed with left atrial splitting. The number
of Dachshunds observed (9) was six times the calculated number expected

(1.5) based upon the breed distribution of the clinic population sample.
The number of Cocker Spaniels observed (8) was three times the number
expected (2.5). Differences between the observed and expected numbers of
Mongrels, Poodles and Beagles were not significant.
The breed distribution of 365 dogs with chronic valve disease in
another clinic population sample also differed from the expected distri
bution (p

<.Olj

Table -3.4). The chief reason for this difference was a

moderate predominance of chronic valve disease in Cocker Spaniels, Beagles,
and Dachshunds - in that order. A moderate predominance of males was also
observed (P<.Ol; Table 3.4).
The breed distribution of 236 dogs with the intervertebral disc syn
drome differed greatly from t?e expected distribution (P<.OOl; Table 3.5a).
The chief reason tor this difference was a marked predominance of the di-

II

sease in Dachshunds (accounting for over halt of the cases). The disease
was also observed more frequently than expected in Beagles and Cocker
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Spaniels. Although significant without adjustment, the higher frequency
in Beagles and Cocker Spaniels was more apparent after excluding the

Dachshund breed and recalculating the data (Table ).Sb). The sex ratio
was normal with or without the exclusion of Dachshunds.
Summaries of the relative breed frequencies of dogs with left
atrial splitting, chronic valve disease or the intervertebral disc syn
drome are presented in Table 3.6 along with the relative sex predomi
nance. Breeds are listed in the order of decreasing frequency of disease.
The breed with the highest frequency of disease is listed first in each
column. Dachshunds, Cocker Spaniels and Beagles in various order account
fbr the first three places in each column.
The Poodle breed occupies the fourth position in each column for
different reasons. In the first column (left atrial splitting), Poodles
are listed fourth because they were the only other purebreds in which
the condition was observed. The number observed, however, was the same
as the number that would be expected if the disease was distributed even
ly throughout the clinic population.
Poodles are listed fourth in the columns pertaining to the frequency
of occurrence \ of chronic valve disease and the intervertebral disc s1o
drame because they held this position among the eight most common breeds
I

I
t

II
Il

I

l

examined. Other purebreds less commonly brought to the veterinary clinic
for examination were tabulated as a group. Among these, based upon small
numbers, Chihuahuas appeared to have chronic valve disease more frequently than Poodles; and Pekingese, Chihuahuas, and Basset Hounds appeared to
have the intervertebral disc syndrome more often than Poodles.
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B. Clinical and Pathological Studies
1. Left Atrial Splitting (Appendix III)
From a clinical and pathological standpoint, dogs with mitral
insufficiency and left atrial splitting can be conveniently placed into
one of 3 diagnostic categories: 1) Hemopericardium or 2) acquired atrial
septal

defect resulting from a perforating left atrial split; and 3)

nonperforating left atrial splits (Table 3.1).
The clinical diagnosis of a perforated left atrium with hemo
pericardium or atrial septal defect· can be substantiated by antemortem
methods, whereas nonperforating left atrial splits only have been con
firmed at necropsy thus far. Both clinical and pathological studies have
been made on most of the dogs in each of these categories. Selected case
examples are presented in sections C to F of Appendix III.
Broken chordae tendineae were occasionally found at necropsy
in some of the. dogs which had chronic valve disease with or without left
atrial splitting examined early in the course of this investigation. Be
cause of the necropsy method, however, it was not always possible to de
termine if the chordae tendineae had ruptured prior to death or had been
inadvertently cut at the time of postmortem cardiotomy.
The customary cardiotomy methods used for postmortem examination
of the heart at this institution consisted of opening the cardiac chambers
and vessels in the sequence and direction of normal blood flow. This method
ordinarily results in the transection of one or more chordae tendineae,
particular~y

of the mitral

valve~

before the entire valve apparatus can be

inspected.
To overcome this problem, various cardiotomy methods were devised
and evaluated in a number of experimental animals. One of those which
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proved satisfactory is described in section B of Appendix III. All of
the hearts illustrated in sections C to F were examined using this
metho~

and all were found to have non-iatrogenic ruptured chordae ten

dineae.
HENOffiRICARD IUM (Appendix III-C)
Hemopericardium caused by left atrial splitting occurred in 9 dogs
(Table 3.1). Illustrations of gross pathological findings in two dogs
representative of this group are presented in Appendix III-C along with
a reprint of a paper on the clinical and radiographic aspects of this
syndrome.
One series of-photographs are of the heart and lungs of a male
Cocker Spaniel with left atrial splitting and hemopericardium before
and after removal of the pericardial s~c (Fig. 3.1). Evidence of peri
cardial effusion and pulmonary edema had been seen in radiographs made
36 hours prior to death. At necropsy, pulmonary edema was present and

the pericardium was

~hicker

than normal. A large unattached blood clot

was present within the pericardial sac in addition to approxtmately
200 cc. of nonclotted blood. The left atrium was very dilated and the
wall was translucent in some areas. A specific site from which intra
pericardial hemorrhage had occurred was not apparent in the nondistended
condition of the atrium at necropsy. The total volume of tntrapericardial
hemorrhage was estimated to be 300 cc.
In experimental dogs of similar body weight, intrapericardial injec

tions of more than 100 cc. of fluid cause signs of acute cardiac tamponade
,and death ( 18 ). Because of thickening of the pericardial wall and the

!

esttmated volume of hemopericardium, it was concluded that some degree

45

lof chronic or subacute hemopericardium had been present in the case
described.
Several thrombus covered endomyocardial splits were observed in
the left atrium of this dog. In addition, a fibrosed, deep split was
present dorsal to the largest thrombus covered lesion (Fig. 3. 2 ).
Postmortem examination of another dog with hemopericardium re
vealed a 2 mm. x 1 mm. perforation in the dorsocaudal left atrial epi
cardium (Fig. 3.3). A blood clot weighing 73 grams and an estimated
50-100 cc. of sanguineous fluid were present in the pericardial sac.
The dog had shown no clinical signs of heart disease prior to sudden
death. No radiographs had been made.
The epicardial perforation communicated with a relatively small
(1 cm. long) endomyocardial split at the dunction of the left atrial
appendage and the main boqy of the left atrium (Fig.

3.4). A parallel,

nonperforating split was located 1 cm. medial to the one which per
forated. Just ventral and perpendicular to both of these splits was a
larger, fibrosed split. The location of all 3 splits was just dorsal
to a region of jet impact lesions in the left atrial endocardium. Typi
cal, severe, chronic mitral valve disease was present with the common
ly observed ruptured primary chordae tendineae of the anterior leaflet.
As can be seen in the preceding illustrations, the location, num
ber, size, and age of the splits in the left atrium of dogs with hemo
pericardium were variable. One dog with hemopericardium (not mentioned
previously) had only two well fibrosed, apparentlY healed splits in
the left atrium. Some dogs with extreme splitting and separation of the
endocardium and underlying myocardium did not have hemopericardium.

r
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Although the endocardial and endomyocardial splits were large in
some of the dogs with hemopericardium, the epicardial perforations were
small and were only identified in 3 of the dogs. The largest of these
(2 mm.) was found in the dog -with the smallest endocardial lesions in the
group (Fig.

3.4). In the other 2 cases, the epicardial perforations were

about 1 mm. in diameter.
The clinical and radiographic features of the first 7 dogs observed
with left atrial splitting and hemopericardium have been reported previ
ously. To avoid unnecessary duplication, ' a reprint of this article is
included in Appendix III-C. A table summarizing the differential diag- .
nostic features of hemopericardium caused by left atrial splitting and
two other diseases in dogs is presented in this reprint. All of the first

7 dogs with this syndrome were males and this was mentioned in the table
as a useful diagnostic point. However, one of two dogs examined subse
quently with this syndrome was a female. In other respects, this published
account of left atrial splitting resulting in hemopericardium in the dog
is still considered accurate.
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ACQUlRED

AT~IAL

SEPrAL DEFECT (Appendix III-D)

An atrial septal defect caused by left atrial splitting was observed
in

4 male dogs (Table 3.1). The pathological evidence for calling these

defects acquired consisted of three features: an endomyocardtal split was
present; the septal defects had sharp irregular edges; an anatomically
closed foramen ovale was distinguishable.
A large endomyocardial split was present in each case in the caudal
wall of the left atrium where splits were most commonly located in 26
other dogs of similar age, sex and breeds. In the dogs with acquired atri-

l·

\

I
\

al septal defects, however, the endocardial and subendocardial separation
extended medially across part or all of the interatrial septum. Where the
split crossed the usually thin, slightly translucent portion of the fossa
ovalis, an atrial septal defect was present measuring 0.5 to 1.0 cm. in
diameter (Fig. 3.8). The edge of the defect was sharp and somewhat irregu
lar, with different degrees of retraction of various tissue layers (Figures

3.8 and 3.9).

In all cases, anatomic closure of the foramen ovale was com

plete and the free edge of the embryonic septum primum could be distin
guished where it was joined by fibrous tissue to the septum secundum. This
area was always one to two centimeters anterior to the acquired defect in
the septum primum.
A review of the clinical findings in the first three dogs with acquired
atrial septal defect, diagnosed at necropsy, revealed several features in
common. The dogs had been alert and active but had persistent, severe asci
tes which could not be eliminated or significantly diminished by extensive
medical therapy over a period of weeks or months. Coughing or dyspnea had
been noted occasionally in two of the dogs, but the owners of all three
were matnly concerned because of the ascites.

r
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Grade

4-5

(out of

5)

intensity holosystolic murmurs were heard

in the mitral and tricuspid valve areas. Marked generalized cardiac
enlargement was noted in radiographs of each dog and in one instance
an incorrect diagnosis of pericardial effusion was made. Wide, notched
P-waves, consistent with left atrial enlargement, were present in elec-

IiI
Ii';
j,

trocardiograms of two of the

~ogs.

The other had high amplitude peaked

P-waves suggestive of right atrial enlargement.
Similar clinical signs became apparent during the course of re
peated examinations of another dog with an initial diagnosis of mitral

l·

insufficiency and moderate left atrial enlargement (Fig. 3.5 and Table

3.7). Ascites began to develop in this dog 16 months after signs of
left sided congestive heart failure (coughing and qyspnea) were first
noted. When ascites developed, the left heart failure signs became much
less apparent. Ascites progressivelY increased in subsequent months to
a marked degree in spite of medical therapy.

Radiographica~

tbe r1ght

atrium and right ventricle increased in size disproportionately more
than the left atrium and ventricle (Figures 3.5 and 3.6).
A tentative diagnosis of acquired atrial septal defect was made and
cardiac catheterization was performed. This study confirmed the presence
of an atrial septal defect (Table 3.6). Angiocardiograms made at the
time of a second catheterization also revealed a left-to-right shunt with
in the heart. However, it could not be determined from these whether the
shunt occurred at the atrial or ventricular level (Fig. 3.7). Necropsy
examination confirmed the presence of an acquired atrial septal defect
as a result of left atrial splitting (Figures 3.6 and 3.9).
A more detailed discussion of the clinical course of this dog and
the results of many examinations are presented in Appendix III-D.
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NONPE1!FO~TING LEn

ATRIAL SPLITS (Appendix III-E)

Nonperforating endocardial and endomyocardial splits in the left
atrium were observed at necropsy in 17 dogs (Table 3.1). Although sus
pected clinically in some of the dogs, the diagnosis was not confirmed
antemortem. The clinical signs consistently exhibited by these dogs were
those of severe mitral insufficiency with acute left heart failure and
fulminating pulmonary edema. Radiographic evidence of a markedly dilated
left atrium was almost always present. Electrocardiograms in most of the
dogs had evidence of left atrial enlargement (wide, notched P-waves) and!

(
~

or atrial myocardial disease (atrial premature beats, paroxysmal atriai
tachycardia, or atrial fibrillation). When coupled with the accumulating
knowledge of age, sex, and breed predilections, a clinical diagnosis of
left atrial splitting was made in some of the dogs examined later in this
series. Although

conf~ed

at necropsy in most of the dogs in which it

was suspected, all of the clinical signs associated with left atrial split
ting have been observed in dogs which did not have this lesion at necropsy.
With present knowledge, a clinical diagnosis of a nonperforating left
atrial split might be substantiated by means of angiocardiography. Filling
defects in the left atrium might have been observed in two of the dogs
which had thrombi of 1-2 cm. diameter attached to splits in the left atri
urn. Irregularities in the caudal left atrial wall also may have been ob
served in angiocardiograms of the dogs with deeper splits. Angiocardio
graphy was not performed in any of the dogs in this group,
At necropsy, evidence of a nonperforating left atrial split was often
noted before the left atrium was opened. A band of subepicardial

hemor~

rhage was usually visible in areas where deep endomyocardial separations
were present (Fig. 3.10). The number as well as the size of left atrial

f

r

,a
splits was variable. One of the largest (1 x 6 cm.) was found in a dog
which did not have hemopericardium or an acquired atrial septal defect
(Fig. 3.11). This dog was known to have mitral insufficiency for at least

5 yearSj it died at 8 years of age from acute pulmonary edema.

An old

healed endocardial split was also found at necropsy. A more detailed case
history on this dog is presented in Appendix III-E.
ENDOCARD~

DEGENJ5RA,:£!ON vlJ;I:H L!.PID DEPOSITI0ti_(Appendix III-F)

Endocardial degeneration with lipid deposition is listed as a sepa
rate category of left atrial splitting at this time because an adequate
evaluation of this aspect has not been completed. A summary of the cl1oi
cal history of the dog in which sudanophilic material was first observed
is presented in Appendix III-F.
This dog had severe chronic valve disease, ruptured chordae tendineae,
and several nonperforating splits of the left atrium (Fig. 3.12). Signifi
cant amounts of sudanophilic material were found in the endocardium of the
left atrium adjacent to the endomyocardial splits as well as in other
areas (Fig. 3.13).
Several primar,y chordae tendineae of the anterior mitral leaflet were
ruptured resulting in loss of support for most of the leaflet (Fig. 3.14).
The initial frozen section studies which were made on ,this dog were done
to evaluate intact, but yellowish chordae tendineae segments adjacent to
those which were ruptured. These studies revealed large amounts of sudano
philic material in areas of degenerated collagen fibers (Fig. 3.15).
Studies performed thus far on material from three other dogs with
left atrial splitting also have revealed the presence of varying amounts
of endocardial lipid. Since atherosclerosis is uncommon in dogs, the endo
cardial lipid deposition in these cases was considered an important find
ing and additional studies are in progress to compare and contrast the
endocardial changes with those of vascular atherosclerosis in man.

,1
B. Clinical and Pathological Studies
2. Radiology of left atrial enlargement (Appendix IV).
Single as well as serial radiographic examinations of dogs with
mitral insufficiency led to improved criteria for recognizing left atrial
enlargement. A prominence in the left-cranial segment of the cardiac sil
houette in dorsoventral radiographs was previously considered a result of
left ventricular hypertrophy or dilatation. However, selective angiocar
diography in dogs with mitral insufficiency oonsistently revealed the
left atrial appendage as the cause of such a prominence. This finding al
so was

substantiated by surgical or postmortem observations in these and

other dogs in which a similar prominence was observed in dorsoventral ra
diographs.
Tracings made from a dorsoventral angiocardiogram of a normal
dog show that the left atrium ordinarily does not contribute to the car
diac silhouette in this projection (Fig. 4.1).
Lateral angiocardiograms illustrating the size and locations
of the cardiac chambers and great vessels in a normal dog are presented
in Figure 4.2. In lateral radiographs of normal dogs, cranial and caudal
waists are present at the base of the heart. These are caused by the con
fluence of the narrowed cardiac silhouette with the mediastinal struc
tures cranially and the pulmonary veins caudally.
A left ventricular injection lateral angiocardiogram in a dog with
chronic valve disease illustrates the regurgitant flow associated with
mitral insufficiency (Fig. 4.3). The effect of moderate left atrial dila
tation upon the cardiac silhouette in this prOjection can also be seen.
Left atrial enlargement is mainly responsible tor straightening of the
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caudal border of the heart (loss of the caudal waist) (see also Fig. 4.5b).
It also causes dorsal displacement of the cardiac silhouette toward the
vertebral column. This is manifested in survey radiographs by dorsal de
viation of the trachea and, in particular, of the left mainstem bronchus.

\

In addition to apparent compression of the left mainstem bronchus, left

atrial enlargement often causes divergence of the two mainstem bronchi
resulting in a characteristic "forking" appearance (see also Fig. 4.7d).
A lateral radiograph of a dog with mitral insufficiency, marked left
atrial enlargement and a nonperforating left atrial split at necropsy
illustrates extreme displacement of the cardiac silhouette in a dorsal
and caudal direction (Fig. 4.4a). In a dorsoventral radiograph of this
dog, a large prominence can be seen in the left cranio1ateral segment of
the cardiac silhouette (Fig. 4.4b). This was caused by marked dilatation
of the left atrial appendage. The right atrium in this dog also was quite
large at necropsy. The right cranio1ateral prominence in the dorsoventral
radiograph was probably caused by right atrial enlargement in combination
with right atrial displacement by the extremely dilated left atrium.
Dilatation of the left ventricle and mitral annulus without severe
valvular disease may also be associated with significant mitral insuffi
ciency (Fig. 4.5a). Extreme enlargement of the left atrium in dogs with
mitral insufficiency of this type has been observed. In a lateral angio
cardiogram of one of these dogs, the left atrial appendage was enlarged
to such a degree that it was displaced craniallY and ventrally over the
main pulmonary artery and right ventricular outflow tract (Fig. 4.5b).
Left atrial appendage injection angiocardiograms were made in
another dog with marked cardiac enlargement and mitral insufficiency

~-
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without severe valvular disease (Fig. 4.6). In the lateral projection,
the left atrial appendage did not extend cranially and ventrally as far
as in the previous illustration. In dorsoventral angiocardiograms, how
ever, the appendage was visualized as the cause of a large prominence
in the cardiac silhouette on the left side.

The latter two dogs had the greatest degrees of left atrial enlarge
ment that have been observed in the author's experience. Both were young
animals and neither had evidence of left atrial splitting at necropsy.
Thoracic radiographs were made on 8 occasions over a 6.8 year peri
od in a dog with mitral insufficiencYj first diagnosed at two years of
age. Initially, the cardiac silhouette was within normal limits (Fig.
4.7a). Four years later, evidence of mild left atrial enlargement was
present in addition to a general increase in the size of the cardiac s11
houette (Fig. 4.7b). Over the next 2 years, the left atrium in particular
continued to increase in size to a marked degree, causing loss of the
caudal waist and elevation of the trachea. Increased pulmonary vascular
markings were also present (Fig. 4.7c). Seven months later, atrial fi

I
, I

brillation was present and a striking increase in the overall size of
the cardiac silhouette was seen in the thoracic radiographs (Fig. 4.7d).
At this time, a divergence of the mainstem bronchi caused by elevation
of the left bronchus was noted. Pulmonary edema was also present.
Dorsoventral radiographs made at the ttme of each of the preceding
lateral radiographs also illustrate progressive generalized cardiac en
largement (Fig. 4.8). The left craniolateral border of the cardiac sil
houette in the region of the left atrial appendage extended almost to
the left thoracic wall before the stage of marked generalized cardiac
enlargement and congestive heart failure occurred (Fig. 4.8c).

r,:i

r
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Five months prior to the radiograph illustrated in Fig. 4.8c, dor
soventral and slightly oblique dorsoventral radiographs of varying de
gree were made to see if

impr~ved

visualization of an enlarged left

atrial appendage could be obtained without significantly distorting the
remainder of the cardiac silhouette (Fig. 4.9). The positioning which
seemed most satisfactory is described as follows: The dog was placed in
sternal recumbency and the spine was shifted approxtmately one inch to
the left of what appeared to be perfect dorsoventral positioning. The
primary x-ray beam was directed one inch to the right of the vertebral
column and the radiographic exposure was made (Fig. 4. 9b). SiJnUar ra
diographic positioning has been used in other dogs with mitral insuffi
ciency and left atrial enlargement. Usually, tmproved visualization of
a dilated left atrial appendage was obtained.

In the dog whose serial radiographs are presented in Figs. 4.7 to
4.9, a diagnosis of left atrial splitting was considered likely in view
of the long-standing mitral insufficiency and the development of marked
left atrial enlargement, atrial arrhythmias and congestive heart failure.
The owner declined further clinical examinations of the dog because it
became

~spneic

when transported in a car. Necropsy permission was re

fused when it died one week .after the radiographs in Figures 4.7d and
4.8d were made. Since a necropsy was not performed, the dog was not in
cluded in the series of animals with left atrial splitting.
The clinical course of the sire of this dog was similar and necrop
sy revealed multiple endomyocardial splits in the left atrium with lipid
deposition in mitral chordae tendineae and in the left atrial endocar
dium (Figs. 3.12 to 3.15).
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A tracing of the original film used for Fig. 3.7d (dorsoventral
angiocardiogram of a dog with left atrial splitting) shows the re
lationship of a dilated left atrium and the cardiac silhouette (Fig.

4.10~

The left atrium comprised almost half of the cardiac silhouette; the ap
pendage caused a left lateral prominence.
Patent ductus arteriosus is the only other lesion in dogs in which
extreme left atrial enlargement has been observed. In dorsoventral radio
graphs of these dogs, a prominence in the left lateral cardiac silhouette
also has been noted (Fig. 4.11). The prominence usually was situated more
cranially than in dogs with mitral insufficiency; thus, distinction could
not always be made between the presence of a dilated left

atrial appen

dage and an enlarged main pulmonary artery. Left ventricular hypertrophy
and dilatation is often present to a greater degree in dogs with patent
ductus arteriosus and left atrial enlargement than in dogs with mitral
insufficiency. This may account for the more cranial displacement of the
left atrial appendage in dogs with patent ductus arteriosus.
In the dog with patent ductus arteriosus whose radiograph is pre

sented in Fig. 4.11, the left atrial appendage was found to be markedly
dilated when the ductus was divided at surger,y.
Based upon angiocardiographic and surgical or postmortem observa
tions in dogs with aortic stenosis, patent ductus arteriosus, persistent
right aortic arch, dirofilariasis-induced pulmonary hypertension, pulmonic
stenosis and mitral insufficiency, a useful guide for interpreting left
sided prominences in the dorsoventral cardiac silhouette of dogs has been
de~eloped

using clockface analogy. With the animal's left side to the

viewer's right, the cause and location of unusual prominences are as fol
lows: aortic arch, 12 to 1 o'clock; main pulmonary arter,y, 1 to 2; left
atrial appendage, 2 to 3; left ventricle, 3 to 6.
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B. Clinical and pathological studies

3. Hyperimmune dogs (Appendix V)
Sixty dogs used for tmmune serum production were examined by
auscultation, palpation and electrocardiography to determine the preva
lence and types of heart disease. All had been vaccinated repeatedly for
three months to three years and blood had been obtained from them each
week by cardiocentesis with a 13 gauge needle via the right precordium.
Each dog was tattooed with a number from 1 to 60 at the time of examina
t~n.

Nothing abnormal was detected by auscultation or electrocardio
graphy in 9 dogs. The auscultatory findings are listed in Table .5.1 in
columns indicating the period of time the dogs (identified by tattoo
\.

numbers) had been used for serum production. Abnormal heart sounds, mur
murs or rhythms were heard in 44 dogs. The most common findings were:
systolic murmurs in the mitral area (2.5 dogs), systolic murmurs in the
aortic area (13 dogs), and diastolic murmurs in the aortic area (10 dogs).
A regular braQycardia was noted in 7 dogs, all of which had evidence of
complete atrioventricular block in electrocardiograms.
Electrocardiographic findings are listed in Table .5.2 along with an
estimate of the number of cardiac punctures each dog had received. The
latter was based upon the average period of time animals in each group
had been used for serum production. Abnormal electrocardiograms were re
corded in 40 dogs. The most common finding was a prolonged QRS complex
with an apparent ventricular activation sequence in 16 dogs resembling
that seen in dogs with experimental right bundle branch block. This was
present in 13 of 40 dogs used for serum production for 1 to 2• .5 years.
A QRS pattern resembling left bundle branch block was found in 2 other

$7

dogs in this group. Complete atrioventricular block (probably bilateral
bundle branch block) was present in 5 of 8 dogs used for serum produc
tion for 3 years. Examples of the arrhythmias and conduction defects re
corded in this investigation are presented in Figures 5.1 to 5.9.
Dog # 11 was obtained for further cardiovascular studies. When ini
tially examined, grade one (out of five) intensity early systolic murmurs
were heard in the mitral and aortic areas in addition to a grade two de
crescendo diastolic murmur in the aortic area (Table 5.1). Sinus rhythm
and right bundle branch block were present in an electrocardiogram(Table

5.2

and Fig.

5.7).

Clinical examinations and electrocardiograms were subsequently made
at

approximate~

one month intervals for one year and then less frequent

ly. Six months after the animal was obtained, an isolated electrocardio
gram revealed, in addition to the previous findings, paroxysmal ventricu
lar tachyo.ardia (Fig. 5.10). This subsided spontaneously, although occa
sional ventricular premature beats were often detected in later examina
tions.
The diastolic murmur of aortic insufficiency remained unchanged but
the systolic murmur in the mitral area gradually increased to a grade
three intensity over a two-year period. A change in its character was
also noted: initially it was a soft, blowing murmur; later, it became
harsh with a high pitched musical component in the first one-third of
systole.
Aortic injection lateral angiocardiograms made

4 years after the

animal was obtained provided evidence of both aortic insufficiency and .
mitral insufficiency (Fig. 5.11). The murmur of aortic insuffic iency
was d if'ficult to record in this dogihowever, evidence of its presence
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was obtained in a phonocardiogram made one year after the angiocardio
grams (Fig.

5~2).

A systolic murmur in the aortic area, splitting of the

second heart sound and right bundle branch block were also recorded in
the s imultaneous phonocardiogram and electrocardiogram.
Gross postmortem examinations were made on the hearts of 22 dogs
which died within six months following clinical study. Included in this
group were the hearts of 6 of the 8 dogs which had been used for serum
production for 3 years. Five of these 6 dogs in addition to

4 others

were found to have ascites at necropsy. One of the three-year dogs with
ascites and seven others without ascites died from massive hemoDrhage
into the pericardial or pleural cavities.
Pericardial adhesions and large areas of myocardial fibrosis up to

5 cm. in diameter were found in the right ventricular free wall extend
ing from epicardium to endocardium. The interventricular septum and left
ventricular papillary muscles were also severely scarred. Puncture wounds
were commonly found in one or more of the cardiac valves and int imal la
cerations in the ascending aorta were often seen. The lesions in the
valves resulting from cardiac punctures appeared as round foci of fibro
sis 2-3 mm. in diameter with a perforated or thin, translucent center
(Fig. 5.13),' Histologic examinations were not possible because of auto
lytic changes and the effects of freezing prior to shipment of the speci
mens.
The only conclusion that could be made based upon the clinical and
pathological findings in this group of 60 "hyperimmunized" dogs was that,
as would be expected, puncturing a dog's heart 10-200 times with a 13
gauge needle causes heart disease. Allergic hypersensitivity associated
with repeated vaccinations mayor may not play a role in the genesis of
chronic valvular fibrosis.
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DISCUSSION
This section deals with general considerations of the various topics
included in this thesis. Aspects of discussion which pertain to specific
tables or illustrations are included as comments in the preceding section.
.~

~

Chronic valve disease and the genesis of mitral insufficiency
Most of the epidemiologic data in the first two portions of this
thesis were based upon a clinical diagnosis of chronic valve

disease~

For

this reason, a review of the clinicopathologic manifestations of this con
dition is in order. CVD in dogs affects primarily the mitral valve either
alone or in combination with the tricuspid valve (Table 1.10 and referen
ces

6 ,26 ,21 ,32 ,33 ,41 ,). When functionally significant,

CVD

is asso

ciated with valvular insufficiency. Because tricuspid involvement is less
frequent and usually less severe, attention is focused upon the mitral
valve in the following discussion. Unless indicated otherwise, the same
statements apply to the tricuspid valve with appropriate changes in nomen
clature.
A systolic murmur of at least grade 3 (out of 5) intensity in the
mitral precordial area (left 5th or 6th intercostal space near the ster
num) in the absence of anemia or signs of infection is sufficient evi
dence for a clinical diagnosis of chronic mitral valve disease and corre
lates well with necropsy findings (15). However, pathologic findings do
not always reveal which of four anatomic abnormalities usually found in
the mitral valve apparatus is primarily responsible for mitral insuffi
ciency (a pathophysiologic diagnosis).
A normal mitral valve apparatus can be defined as a basically bi
cuspid valve structure consisting of leaflets and their supporting

r·
~

i
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elements. The leaflets must be intact, pliable and separate except near
the annulus, and they must have a greater combined surface area than a
normal sized left atrioventricular orifice. The leaflets are attached
to functional papillary muscles by intact, pliable, primary and secon
dary chordae tendineae of sufficient length and number to allow leaflet
apposition but prevent leaflet reflexion into the atrium during ventricu
lar systole.
This definition was derived partly in retrospect based upon ob
served causes of mitral insufficiency in dogs and man. These include:
(1) congenital or acquired clefts or perforations in valve leaflets;
(2) thickened, firm or nodular leaflets which prevent perfect apposition
of contact surfaces; (3) retracted, fibrotic or hypoplastic leaflets
which cannot occlude a normal sized orifice; (4) greatly dilated orifice
which cannot be occluded by normal leaflets; (5) shortened chordae ten
dineae which prevent apposition of leaflets; (6) ruptured chordae ten
dineae or papillary muscles which allow reflexion of leaflets into the
atrium; (7) distortion of valve edges by tumors, blood cysts, or vegeta
tions of bacterial endocarditis.
In dogs with chronic valve disease, several of the above causes of

insufficiency can often be demonstrated. The leaflets are thickened,
often nodular and somewhat retractedj the left atrioventricular orifice
is usually dilated; and ruptured chordae tendineae are sometimes found.
T~ese

changes correspond to items 2, 3,

4,

and

~ in

the above list.

Previous reports have cited nodularity of the mitral valve as the
chief cause of insufficiency in dogs, presumably by preventing perfect
coaptation of opposing contact surfaces of the valve leaflets (32).
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Although t,'his may be of importance at some initia,l stage, there are rea
sons for questioning its significance in severe mitral insufficiency.
Nodularity of the mitral valve, when present, generally is found
along the contact surface of all leaflets of the mitral valve tissue. It
is most obvious at the points of insertion of the chordae tendineae ex
cept in the posterior commissural region where nodular thickening is
greatest between the insertions of the chordae tendineae. Thickening of
the anterior mitral leaflet is usually greater than of the posterior
~

leaflet. Tricuspid valve thickening is usually greatest in the septal
leaflet with less severe changes in the cranial leaflet and least in the
caudo1atera1 leaflet. This differs from one report of the order of in
volvement in man in which chronic thickening of the cranial (anterior)
leaflet of the tricuspid valve was observed more commonly

(35).

Because of the widespread nature of nodular thickening of the mitral
valve, one would expect jet impact lesions to be present in a variety of
locations in the left atrial endocardium as a result of trauma from re
gurgitant streams in different directions. This is not the case, however,
based upon surgical and postmortem observations. Direct cardiac palpation
via thoracotomy in several dogs with mitral insufficiency 'consistent1y
revealed a systoliC thrill localized to the caudal wal1 of the left atrium.
This correlated well with necropsy findings in these and most other dogs
with eVD. Left atrial jet impact lesions were usually found only in the
caudal left atrial wall. Jet lesions in the right atrium have seldom been
observed.

•

An additional reason for questioning the role of nodularity is that
the nodules are not usuallY rounded. Instead, convexities and concavities
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along the sides and free edges of the leaflet tissue appear to match up
~

well in an interdigitating fashion with adjacent and opposing valve tis
sue. In necropsy specimens, reduction of the valve annulus by slight,
external cardiac

compression while the ventricles are filled with water

makes the affected valves competent as long as no major chordae tendineae

I

are ruptured. On this basis, it would seem that annular dilatation and/or
retraction of the leaflets are of greater importance than valve nodulari
ty in the genesis of severe mitral insufficiency in dogs with CVD.

\

Ruptured chordae tendineae
The role of ruptured chordae tendineae in dogs with CVD has not been
fully clarified. When present, they are an obvious cause of valvular in
sufficiency. What is yet undetermined is the frequency of their presence
in a large number of dogs with CVD and the stage of the disease at which
rupture occurs.

In the period since methods of postmortem cardiotomy were developed
which permitted their recognition with certainty, ruptured chordae tendi
neae have been consistently observed in dogs with severe chronic valve
disease and clinical signs of congestive heart failure. In the past, an

~

absence of chordae tendineae involvement has been cited as a feature dis

I

tinguishing CVD in dogs from chronic rheumatic valvular disease :in man
(14,44) •

The most commonly ruptured chordae tendineae have been primary ones
supporting the free edge of the anterior mitral valve leaflet. When these
were detected, they corresponded well with the location of jet impact le

\

sions observed in the caudal wall of the left atrium and occasionally on .
the atrial surface of the opposing posterior mitral leaflet. A regurgi
tant stream of blood coming from the left ventricle through the unsupported

6)

valve area would be directed over the opposing valve leaflet and toward
the caudal wall of the left atrium.
Occasionally, primary chordae tendineae were intact and ruptured
secondary chordae tendineae were found. In one instance, the unsupported
central portion of the valve bulged dorsally above the remainder of the
leaflet forming a small aneurysm. Single, ruptured chordae tendineae of
the tricuspid valve have occasionally been observed but less often than
multiple ruptures of mitral chordae tendineae.
. i,.-,

~eat~et

.:;

()ccur

is usually directed toward the atrium and is often rigid. In these

cases, a thick, fibrous ridge is often present on the ventricular surface
of the leaflet, extending from side to side between the remaining support

\
I

ing secondary chordae tendineae (see posterior mitral leaflet in figure

3.4

I

and the anterior leaflet in figure 3.11). This finding suggests that a lack
of support of the free edge existed for some period of time sufficient for
fibrosis to take place in response to altered stress and hemodynamic fac
tors in this region.
Ruptured prtmary chordae tendineae were found in all of the dogs with
CVD and left atrial splitting illustrated in Appendix III, as well as in
several of the other cases. Although some of the ruptures may have occurred
just prior to death, evidence was found which supports the contention that
at least some of the ruptured chordae tendineae had been present for some
time and were of major importance as contributing factors to the existence
of mitral insufficiency. It is possible that additional chordae tendineae
ruptures may have caused a sudden increase in the severity of mitral in
sufficiency resulting in an acute increase in left atrial size. This might
have been responsible for left atrial splitting just prior to death, evi
denced by relative lack of organization of a superimposed thrombus in some
cases •

.6
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~idemiology of_~~~ic

valve disease

Studies of the age, sex, and breed distributions of 392 dogs with
CVD in a clinic population sample of 4,831 dogs revealed that the di
sease was not uniformily distributed in relation to any of these factors.
With regard to age, CVD was seldom diagnosed in dogs less than

5 years

old; beyond this age, a linear increase in frequency was observed in suc
cessive age groups (Table 1.4). In each age group, the prevalence ratio
in males was 32-35

%greater

than in females.

Since prevalence ratios are the result of a relationship between the
incidence and duration of disease (p

~ID),

a discussion of the latter

factors is in order. The duration of CVD as well as any other chronic di
sease in dogs is difficult to assess with precision because more dogs are
apparently killed by euthanasia than allowed to die spontaneously. Respec
tive percentages of 59

%(euthanasia)

and 34

%(spontaneous)

were obtained

for dogs which had died at the time of a follow-up survey of 471 dogs ex
amined clinically (Table 2.8). Since the average age at death of dogs in
\

which euthanasia was performed was slightly greater than the average age
\

\

of those which died spontaneously (Table 2.9), it was concluded that
euthanasia was not performed in most cases much in advance of the time
when spontaneous death might have occurred. This conclusion was supported
by clinical experience as well.
In this study, the age at death of dogs without detectable heart di

sease was less than that of the dogs with CVD. It is unlikely that this
would have been true i f the control group had been derived from the dog
population at large rather than from those which had been brought to a
veterinary clinic for,. same

reason~

r
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l

I
I

the preceding limitations in mind, the average age at death

of dogs with chronic valve disease (12.5 years) was not much different
than the average life span of all dogs (5). This generalization does
not hold for dogs with clinical evidence of chronic valve disease at a
relatively early age (5 years or less). In the few animals in this cate
gory for which follOli-UP information was obtained, congestive heart

I

failure usually occurred before the animals reached 10 years of age.
Based upon personal clinical observations and the follow-up data
obtained in the survey of 471 dogs, no fundamental disagreement has been
found with a previously published profile of chronic valve disease in
dogs: "Valvular fibrosis appears to begin during the first third of life,
frequently producing mitral and sometimes tricuspid insufficiency during
the middle years. The degree of valvular malformation caused is evident
ly fairly well tolerated in many individuals which reach 9 to 12 years of
age or older. It is probable that some form of myocardial disease ordi
narily supervenes

in those animals with atrioventricular valvular fibro

sis and mitral insufficiency which subsequently develop congestive heart
failure. II (15).
If the assumption is made that chronic valve disease, by itself,

ordinarily does not cause death of an animaJ, and clinical recognition
becomes possible starting at approximately 5 years of age, an annual in
cidence of about

4 %in

females and

5.3 %in

males can be derived from

data in the survey of 4,831 dogs. These values are probably too low for
the older age groups, however, because congestive heart failure sub
sequently occurred more frequently in dogs with CVD than in dogs with
no evidence of heart disease at the time of initial examination, and was
the reason for spontaneous death or euthanasia in a substantial number

-------_..

j
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of dogs with CVD (Table 2.8). For this reason, it is likely that annual
incidence values in the range of 6-10 %would be more accurate in older
dogs to take into account the effect of congestive heart failure in re
moving some dogs with CVD from the population.
Sex
Chronic valve

dis~ase

occurred more frequently in males (92.9/1000)

than in females (67.7/1000) on an age and sex adjusted basis (Table 1.3).
Although this difference was

statistical~

significant, it was not a

great difference. Consequently, whatever accounts for the moderate male
predominance must be considered a minor contributing factor rather than
a primary etiologic factor.
It is possible that a greater sex difference would have been ob
tained if varying degrees of valvular disease could have been taken into
account. Although data were not available to assess this factor direct
ly, indirect evidence that CVD may be generally more severe in males was
obtained from the sex distribution of dogs with left atrial splitting.
Marked male predominance (26 out of 30 dogs) was noted in a tabulation
of the dogs with this condition, all of which also had severe chronic
valve disease (Table 3.2). In the case of left atrial splitting, the
magnitude of the sex difference was such that a male influence might be
considered a major contributory factor.
Breed
•

Chronic valve disease was found more commonly in purebred dogs than

in mongrel dogs (Table 1.6). The Cocker Spaniel breed had the highest
prevalence ratio, owing to an unusual predominance in males of this breed
(Table 1.2). Since the average age of all male Cocker Spaniels examined
was among the highest of the dogs surveyed, this was considered a possible
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explanation of the higher prevalence observed in view of the fact that
the frequency of CVD in all dogs increased with age.
Against this explanation were the results of age specific compari
sons between male Cocker Spaniels and other dogs (Table 1.$). These com
parisons revealed that male Cocker Spaniels had prevalence ratios of
CVD higher than other dogs in each age group.
Because of the higher frequency of CVD in male Cocker Spaniels,
comparisons of purebreds versus mongrels, and males versus females were
made with the Cocker Spaniel breed excluded. The prevalence of CVD in
purebreds other than Cocker Spaniels was not significantly greater than
in mongrels unless subdivided by sex: male purebreds other than Cocker

Spaniels had more CVD than male mongrels (Table 1.7).
Comparison of age and sex adjusted prevalence ratios, with Cocker
Spaniels excluded, revealed that male dogs still had a higher frequency
of CVD than female dogs (Table 1.8). This difference would have been
even greater if mongrel dogs (constituting about 1/3 of the 4,831 dogs
examined) were excluded. Mongrel dogs did not exhibit any difference
between the frequency of CVD in males and females (Table 1.2).
On the basis of the preceding sex and breed data, the conclusion
was reached that the etiology or pathogenesis of chronic valve disease
is influenced in some degree by an unexplained sex factor which may be
operating

ind~pendently

but most

like~

is related to a genetic pre

disposition in view of the observed male predominance in purebreds and
not in mongrels.
The high prevalence ratio of CVD in male Cocker Spaniels in the
present study provides an explanation at least in part for the pre
viously reported observation of a high prevalence ratio of congestive
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heart failure in males of this breed based upon data from the same sur
vey ( 15). The prevalence ratios of congestive heart failure in Table 1.9
are slightly higher than in the previously published tables because all
causes of congestive heart failure are included; i.e., congenital heart
~

disease, heartbase tumors, and heartworms in addition to chronic valve

l

disease and/or chronic myocardial disease.

I
~

The evidence that chronic valve disease is in part determined by
genetic predisposition is less strong than that for congenital heart di
sease. However, additional support for such a factor may be found in the

~\

fact that, occasionally, CVD was found in

close~

related animals. In

most instances, however, these animals were beyond middle age and were
in age groups where CVD is detectable in 20-30 % of all dogs; thus, in

~

~II

terpretation of a genetic influence on this basis is hazardous.
Other tenuous evidence which might be considered support for a

\

\\

genetic influence was obtained in the questionnaire survey of 471 dogs.

t

Positive responses to a question regarding signs of heart disease in
relatives were given for 2.7

6.4 % of

%of

the dogs with no heart disease and

the dogs with CVD. This difference was not statistically sig

nificant and even if it were, a question would still exist regarding the
role of increased awareness and suspicion on the part of owners of dogs
with heart disease. Known cases of congenital heart disease were not 10

\
\
II

cluded in this study.
With regard to congenital heart disease, the presence of similar
lesions in closely related dogs and the predominance of certain lesions
in certain breeds coupled with successful breeding experiments support
the conclusion that genetic factors are operative in some dogs with con
genital heart disease ( 43). Similar results also have been obtained in
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inbred strains of laboratory animals ( 13).
Fewer studies have been made regarding genetic predispositions
for acquired cardiovascular lesions. The most thorough investigation

\

of this type has been performed in inbred strains of pigeons which have

I

a high incidence of atherosclerosis ( 8 ). Znvironmental stress factors

r

also have been shown to produce vascular and valvular changes in ani
mals (1,4,46).
With regard to chronic valve disease, no important differences
from control dogs were found in comparisons of environmental and be
havioral characteristics based upon a questionnaire survey (Appendix II).

\

Aspects of medical history evaluated in this survey revealed an expected
significant difference :in the frequency of congestive heart failure signs.
Other differences were observed but these could only be classified as
trends because of smallness of numbers.
The difference in the percentages of castrated dogs with CVD and
those with no heart disease was significant on a disease specific basis
but not quite significant when sex adjusted values were compared (Table
2.1). The observed trend of a lower castration percentage in male dogs
with CVD would be consistent with the observation of a higher frequency
of CVD in males and the resultant hypothesis that male hormones direct
ly or indirectly playa contributory role in the genesis of CVD. If the
alternative hypothesis is considered; i.e., female hormones exert some
protective effect against CVD, one would anticipate a higher castration
percentage in females with CVD than in females without CVD. The observed
results in this regard were opposite those anticipated; thus, the alter
native hypothesis was rejected.
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Left atrial splitting

\

1

Left atrial splitting prularily because of endocardial degenera
tion and atrial dilatation appears to be a lesion peculiar to dogs. Re
ports of atrial rupture in human patients have incriminated myocarditis

\

I

(31 ) or myocardial infarction (9 ). No reports of left atrial sp1it
ting in man as a result of dilatation have been found and experienced
investigators of human cardiovascular disease have denied seeing left
atr ial les ions of this type 6.2,17).
Left atrial splitting in dogs with chronic valve disease and mitral
insufficiency has been observed by others. Brief mention of "left atrial
rupture ll , espec ia.1ly in Dachshunds, was made in an article on cardiovas
cular pathology- written in Switzerland ( 53). The proportion of Dachshunds
as a breed in that country may be greater than in the United States and
the number of cases of atrial splitting observed was not given; conse
quently, the significance of the apparent breed predominance could not
be ascertained fram the report. The authors regarded left atrial myocar
dial disease as the underlying cause of splitting.
Left atrial mural endocarditis has also been observed occasionally
in dogs with spontaneous nephritis and uremia; instances of atrial rup
ture have been ascribed to this process (27). Similar nonbacterial
left atrial endocarditis has been produced in dogs on a high fat diet
prior to experimentally induced renal insufficiency ( 34). The lesions .
vlere considered part of a syndrome of mucoarteritis which can be pro
duced in this manner in dogs and affects primarily large elastic ar
teries and the left atrial endocardium. Endocardial degeneration with
left atrial splitting in dogs in the present report did not appear to

\
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be caused by the same mechanism. None of the dogs had clinical or labora
tory evidence of uremia and necropsy examinations revealed no more than

I

1

mild degrees of chronic interstitial nephritis in a fer1 of the dogs. Chan
ges in the left atriunl did not resemble those described in dogs with ex
perimentally induced mucoarteritis.
Gross and preliminary histologic studies of 0.5-6 cm. long splits
with superimposed thrombus formation in the left atria of dogs suggest
that this process may be a large scale representation of minute cracks
(100-1,000 micra in length) found in coronary arteries of man. Plaque

fissures in thrombosed segments of atherosclerotic coronary arteries were
observed in 20 consecutive human patients with fatal coronary thrombosis
( 10). In each case, the thrombus could be traced to one or more fissures

in atherosclerotic plaques. No cracks were found in serial section stu
dies of atherosclerotic coronary arteries in 16 other patients who died
of causes other than coronary thrombosis. The author concluded that a
"sudden break in the brittle lining of atherosclerotic coronary arteries
represents a major factor in the causation of human coronary thrombosis."
Preliminary histologic studies in dogs with left atrial splitting
suggest that endocardial degeneration is the main anatomic factor in
volved in addition to atrial dilatation. The endocardium is generally
thickened; swollen collagen fibers are often present; and elastic fibers
are often mineralized, distorted and ruptured. Although varying amounts
of lipid staining material have been found in the endocardium of dogs
studied by frozen section technique thus far, in no case has the degree
of endocardial natheroscleros is II approached that reported in coronary
arteries and aortas of human patients. In view of the rarity of
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atherosclerosis in dogs, however, the amount of lipid material in the
endocardium of these dogs was unusual and is being investigated further.

\
~

Atrial splits varied in depth from superficial endocardial aepara
tions to full thickness fissures with dissecting hemorrhage into the
myocardium and occasionally into the pericardial sac. These have been
termed

r

respective~

endocardial or endomyocardial splits.

I1yocardial fibers were often separated by varying degrees of
hemorrhage and stages of thrombosis. OccaSionally, sequestered myocar

\

dial fibers appeared to be undergoing necrosis; however, these changes"
were considered secondary to dissecting hemorrhage. Healing by fibrosis
of even deep splits into the myocardium was observed.
Although foci of

apparent~

primary atrial myocardial necrosis and

fibrosis were sometimes demonstrable, the changes were not of sufficient
degree to explain the widespread endocardial splitt"ing which was usually
present. Much greater degrees of atrial myocardial disease with almost
complete replacement by fibrous tissue have been reported in human pa
tients with extreme left atrial dilatation and an apparently intact endo
cardium ( 16).
Illustrations and more complete discriptions of the histologic find
ings in dogs with left atrial splitting are not included in this thesis,
because these studies are still in progress.
At the present time, left atrial splitting in dogs is believed to
be related to a disease process primarily affecting connective tissue
elements in the subendocardiurn. Whether this is primarily a change in
ground substance, or collagen and elastic fibers has not been determined.
Also undetermined is the relationship this process has with chronic
valve disease. The atrial endocardial change could be just secondary to
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atrial dilatation, or it may be a result of an etiologic factor simi
lar to that causing chronic valve disease. Epidemiologic studies indi
cate definite sex and breed predispositions for left atrial splitting
which are an extension of the trends noted in dogs with chronic valve
disease. However, the data do not permit conclusions to be made re
garding the primary or secondary nature of the atrial endocardial di
sease found in dogs with left atrial splitting. In either event, it
appears that left atrial dilatation is the main cause of splitting
with endocardial disease playing a permissive role and determining the
location of the splits.
Endocardial trauma by regurgitant jet streams in mitral insuffi
ciency probably is in part responsible for endocardial disease; how
ever, the occurrence of splits in the atrial appendage and in other
areas where jet impact lesions are not seen, makes it necessary to
consider dilatation a more important factor.
Insufficient coronary blood flow cannot be ruled out as a con
tributing element even though organic arterial obstruction has rarely
been observed. Three reasons for this viewpoint are as follows: In
creased oxygen requirements occur because of the increased atrial work
associated with mitral insufficiency. The coronary blood supply, how
ever, may be diminished in advanced states of congestive heart failure
because of low cardiac output. The third factor to consider is the po
tential effect of elevated mean left atrial pressure in mitral insuffi
ciency and congestive heart failure. This, in combination with atrial
dilatation, thinning of the atrial wall, and pericard1al restriction
may be sufficient

~to

cause functional impafrroent of coronary blood

flow in the absence of organic obstruction.
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All of the preceding considerations obtain in hunlan patients with
mitral insufficiency and relatively much greater left atrial enlarge
ment; however, no reports of left atrial splitting were found. The con
clusion was reached, therefore, that the presence or absence of some
factor in the left atrial endocardium of dogs permits endocardial and
endomyocardial splitting to occur before the atrium reaches a relative
size comparable to that seen in some human patients.
That this factor may be genetically determined at least in part
was suggested by the occurrence of atrial splitting predominantly in
males of the Dachshund and Cocker Spaniel breeds. Experimental studies
to clarify this aspect would be formidable because of the difficulty
of clinical diagnosis and the age at which the condition becomes ap
parent. The youngest animals with left atrial splitting at necropsy
were 8 years old

(4 of the 9 Dachshunds and the single Beagle ob

served). The average age of all the dogs was 10.8 years. This time ele
ment makes it impractical to perform controlled breeding experiments
and also makes it difficult to trace relatives of affected dogs. In
addition, many dogs which might be genetically predisposed to the con
dition could die for various other reasons before reaching the age
where the condition would be manifested.
The most practical approach to investigate a genetic influence
would be to examine related animals clinically and at necropsy. In one
instance where this was possible, provocative but inconclusive results
were obtained. Dog #

~5

in Table 3.1, a male Cocker Spaniel with left

atrial splitting at 11 years of age, lived most of its life in
A male offspring of this dog (Fig.

Conneticu~

4.7-4.9) was raised in Pennsylvania

and had clinical evidence of chronic valve disease at 2 years of age.
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It died in congestive heart failure at 9 years of age with clinical,
electrocardiographic, and radiographic signs similar to those of its

I

sire and other dogs with nonperforating left atrial splits. Unfortunate-

t

I

ly, necropsy was not permitted.

I

Epidem~~logic ~~mparisons

(

of frequency were the most common breeds represented in dogs with

(

The Dachshund, Cocker Spaniel and Beagle breeds in differing orders

chronic valve disease, left atrial splitting, and the intervertebral
disc syndrome.
others reporting on the age, sex, and breed distribution of dogs

I

with the disc syndrome obtained similar results and included the Pekin

(

gese breed as one also predisposed to the condition (20 ). The breeds

r

particularly affected were considered to have characteristics of chon-

I

drodystrophy as a common denominator which caused investigators to clas
s1£y them as a chondrodystrophoid group (21 ).' Fram a body conformation

i.

standpoint, the Dachshund breed exhibits the greatest degree of chondro

1

dystrophy; i.e., short extremities in proportion to the size of the head
and trunk.
Dystrophic changes in the nucleus pulposus of the intervertebral
disc in this group of dogs appeared :to result in disc degeneration at
an earlier age and to a greater degree than in other breeds of dogs (2).
other conclusions were also made::disc prolapse presupposes discdegenera
tion; disc degeneration occurs in the spinal column much more frequently
than the number of prolapses; local disc prolapse is caused by mechani
cal factors; disc degeneration occurring in multiple areas is a definite
systemic disease; the tendency of discs to become diseased
be explained by a predisposition to chondrodystrophy (20).

probab~

can
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The epidemiologic similarities between aspects of left atrial
splitting and the intervertebral disc syndrome were striking; the on
ly exception was that a male predominance obtained in the former con
dition and no sex difference was noted in the latter. Based upon patho
logic studies thus far, the word Ifendocardium" could be substituted, in
essence, for the word lIintervertebral discI! in the conclusions in the
preceding paragraph and result in essentially correct statements con
cerning endocardial degeneration and left atrial splitting. It may be
significant that a previous episode of intervertebral disc syndrome was
mentioned in case histories of two of the Dachshunds with left atrial

\

splitting. These episodes had not occurred during the period when tabu
lations were made for the intervertebral disc syndrome, and these two
cases were not included in Table 3.5a.
With present information, it seems reasonable to suggest the possi
bility that a I1chondrodystrophictr process similar to that found in dogs
with the intervertebral disc syndrome may be an underlying factor in
dogs with left atrial splitting. Chronic valve disease might also be
related by considering the possibility that moderate male predominance
in dogs with CVD could be reflected as a marked male predominance in
dogs with left atrial splitting. This presupposes that the degree as
well as the frequency of valvular disease is greater' in males. Such was
the case in dogs with left atrial splitting; however, it has not been
studied in other dogs with CVD.
On the basis of epidemiologic evidence, and not inconsistent with
reported pathologic findings, chronic yalve disease, left atrial split
ting, and the intervertebral disc syndrome

m~

all be related to a
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specific degenerative process of connective tissue which occurs earlier
and is more common or more severe in dogs of the chondrodystrophoid type.

\
I

The clinical signs in dogs with left atrial splitting varied with
the location and depth of the splits. It was convenient to divide the
30 cases into three groups: Group I, 9 dogs with hemopericardium; Group II,

4 dogs

with acquired atrial septal defect; Group III, 17 dogs with non-

perforating atrial splits.
All of the

25

dogs examined clinically had loud murmurs of mitral

insufficiency and radiographic evidence of moderate to marked left atrial
enlargement. Some of the dogs with hemopericardium died abruptly with
acute cardiac tamponade; however, a surprising number survived several
days after diagnosis by radiograpny and pericardiocentesis. In most of
these cases, signs of left heart failure predominated although some had
ascites and hepatomegaly. The dogs with acquired septal defects had pre
dominant signs of right heart failure with intractable ascites for sever
al weeks or months. An antemortem diagnosis in one case was confirmed by
cardiac catheterization. Dogs with nonperforating left atrial splits
general~

were presented in acute left heart failure with fulminating

pulmonary edema. Although left atrial thrombi of various sizes

w~r.e

present in all the dogs with recent splits, no clinical or necropsy· evi
dence of embolization was observed.
Radiogr~h~

Since dilatation appeared to be the common factor in dogs with left
atrial splitting, a section of this thesis was devoted to the radio
graphic and angiocardiographic appearance of left atrial enlargement.
others reporting on cardiac radiography in dogs have not mentioned the
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characteristic appearance of a dilated left atrial appendage in the
dorsoventral cardiac silhouette of dogs with or without left atrial
splitting. The changes observed in lateral radiographs have been repor
ted by others (47 ).

I

In lateral radiographs, left atrial enlargement caused a dorsal dis-

(

placement of the terminal trachea and the left mainstem bronchus. A cau-

I

dal displacement of the cardiac silhouette was also observed in the re
gion where the base of the heart is

normal~

narrowed. The atrial dis

placement in this area, in combination with dilatation of the mitral annuIus, caused straightening of the caudal border of the cardiac silhouette.
In dorsoventral radiographs, the appendage of a markedly dilated

left atriwn caused a leftward and slightly cranial bulge in the cardiac
silhouette in the region of 2-3 o'clock using clockface analogy with the
dog's left to the viewer's right. This prominence was made more visible
in some cases by slightly oblique dorsoventral positioning. To accomplish

this, the dog's thoracic spine was shifted to the left of the midline.
In some instances in survey dorsoventral radiographs, it was possible

to demonstrate a double border in the right caudal region of the cardiac
silhouette resulting from near superimposition of the right ventricle and
left atrial wall as described by others (48 ). However, this finding was
less frequent than that of a bulge produced by a dilated left atrial ap
pendage.
A bulge in the cardiac silhouette caused by an enlarged left atrial
appendage also has been observed in dogs with patent ductus arteriosus,
marked cardiac enlargement and congestive heart failure. In two of these
cases in which the ductus was divided at surgery, systolic murmurs of
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mitral insufficiency were detected postoperatively. The cause and effect
relationship of left heart enlargement and mitral insufficiency in these

\

l
I.

I(

cases was not clear. One of the dogs developed atrial fibrillation 3
months after surgery and congestive heart failure recurred.
Dogs used

~or

tmmune serum production

Th~ stu~ of dogs used for immune serum production did not provide

any useful information regarding the role of antigen-antibody reaction
in the genesis of chronic valve disease. It did confirm, however, that
cardiocentesis is not an innocuous procedure. Clinical evidence of heart
disease was present in 75

%,

80

%,

93

%and

100

%of 4

groups of dogs in

which the average numbers of cardiac punctures in each dog were

20,

50,

100, and 150 respectively. If pathologic studies had been performed on
the additional dogs in each group which had died before clinical studies
were made, it is likely that the percentage of dogs with heart disease
in the first three groups would have ·been higher.
The most common electrocardiographic abnormalities were those of
delayed ventricular depolarization time (31 of 60 dogs). The fact that
cardiac punctures were generally made via the right precordium probably
is sufficient to explain the large number of dogs with QRS patterns re
sembling right bundle branch block (16 dogs). One of the technicians
stated that surviving dogs usually were not kept on the bleeding program
more than 3 years, because the area of scarring of the heart became so
large and was so hard that it was difficult to insert a needle into the
heart for bleeding.
Even though the conditions under which bleeding of the dogs was per
formed were less than ideal, and the bleeding was done by technical per
sonnel, it is

unlike~

that a skilled cardiologist under ideal conditions
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could puncture the heart with a 13 gauge needle once a week for periods
up to 3 years without also causine significant heart disease.

Although

repeated cardiac punctures for diagnostic studies in man were rarely
done in the past and isolated punctures are seldom performed today, the
present study supports the contention of many investigators that signifi
cant cardiac damage can be caused by cardiocentesis and therefore, the
procedure should be avoided if at all possible.
sm~ffiRY

Age, sex, and breed evaluations of 392 dogs with chronic valve
disease (CVD) from a survey of 4,831 dogs revealed a predominance of
CVD in purebred male dogs. Male Cocker Spaniels were most frequently
affected.
A questionnaire survey concerning aspects of medical history, envi
ronment, behavior, and survival was made
examinations on 471 dogs.

3-5

years after initial clinical

This study revealed no marked differences

between dogs with CVD and dogs with no heart disease, except that dogs
with CVD more often had signs of congestive heart failure.
Endocardial and endomyocardial splitting of the left atrium occurred
in 30 dogs with CVD; primarily in males of the Dachshund and Cocker
Spaniel breeds.

Left atrial perforation in several of the cases caused

hemopericardium or acquired atrial septal defects which could be diagnosed
by clinical means.

The cause of splitting was considered to be left atrial

dilatation with left atrial endocardial degeneration playing primarily a
permissive role.

Lipid deposition in the endocardium and ruptured chordae

tendineae was found in preliminary frozen section studies.

A method of

postmortem cardiotomy was developed which permitted recognition of spon
taneously ruptured cordae tendineae with certainty.

Ruptured mitral chordae

tendineae were frequently found in dogs with severe chronic valve disease
with or without left atrial splitting.

80a

The Dachshund, Cocker

Spanie~

and Beagle breeds in varying order

constituted the three most common breeds with CVD, left atrial splitting
or the intervertebral disc syndrome.

This finding was suggestive of an

underlying connective tissue disorder predominant in those breeds which
have been classified by others as belonging to a IIchondrodys.trophoid ll group_
Radiographic studies of dogs with left atrial enlargement revealed a
characteristic bulge in the dorsoventral cardiac silhouette caused by
dilatation of the left atrial appendage.

This was most apparent in dogs

with left atrial splitting.
Clinical and pathological studies on 60 nhyperimrnune" dogs from
which blood was withdrawn by cardiocentesis for

~e

revealed serious heart disease in nearly all dogs.

serum production

This was considered

the results of weekly cardiocentesis for periods up to three years rather
than the results of repeated vaccinations during this time.
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